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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical element 
supporting device and a lens barrel capable of reducing deflection 

mount in an optical element and easily securing the optical 
performance of the optical element, and an aligner capable of 
accurate projection exposure. 

SOLUTION: A vertical format lens supporting device 61 is composed 
of respective movable supporting parts 63a and 63b engaged with 
the outer peripheral parts of a lens 62 on a lower side and an upper 
side in a gravity direction and a fixed supporting part 64. The 
respective supporting parts 63a, 63b and 64 are arranged at equal 
angle intervals in the circumferential direction of the lens 62. The 
load of the lens 62 is supported by both supporting parts 63a and 
63b, and the tilt of the lens 62 with the supporting parts 63a and 63b 
as the center of tilt is regulated by the supporting part 64. The 
rotation of the lens 62 around a Z~axis is regulated by the 
cooperation of the supporting parts 63a, 63b and 64. 
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CLAIMS 



[Claim(s)] 

[Claim l] It has the support device in which an optical axis engages with the periphery 
section of said optical element by at least three places in the optical element means for 
supporting which support the optical element prolonged in the gravity direction and the 
crossing direction. Said support device Optical element means for supporting which 
have the load-bearing function which supports the load of an optical element, the tilting 
regulation function which regulates tilting of the optical element which uses the 
support location of the load of said optical element as the tilting supporting point, and 
the revolution regulation function which regulates the revolution of the optical element 
centering on the axis which intersects perpendicularly with said optical axis. 
[Claim 2] The lower part supporter with which said support device engages with the 
gravity direction lower part section of the periphery section of an optical element, While 
being divided into the upper part supporter which engages with the gravity direction 
upper part section of the periphery section of an optical element and forming a tilting 
regulation means to have said tilting regulation function at least in one side of an upper 
part supporter and a lower part supporter Optical element means for supporting 
according to claim 1 which established at least a load-bearing means of an upper part 
supporter and a lower part supporter to have said load-bearing function in another side. 
[Claim 3] Either [ at least ] said upper part supporter or a lower part supporter is the 
optical element means for supporting according to claim 2 which have the 1st supporter 
and the 2nd supporter which sets predetermined spacing in the direction of a periphery 
of an optical element, and is arranged in it to said 1st supporter, and have been 
arranged so that said 1st supporter and 2nd supporter may become the symmetry to the 
axis prolonged along the gravity direction. 

[Claim 4] Said each supporter is optical element means for supporting according to 
claim 2 or 3 arranged so that the include angle of the central angle which two adjoining 
segments make may make regular intervals mostly, when the segment which connects 
the core and said each supporter of an optical element is supposed. 

[Claim 5] When said load-bearing means is formed in said lower part supporter, said 1st 
and 2nd supporter The axis which intersects perpendicularly with an optical axis in the 
level surface where the gravity direction carries out said optical element up and down 
for 2 minutes, Optical element means for supporting according to claim 3 or 4 arranged 
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so that the ratio of said reaction force in said each point of application may make 
sintheta when the include angle with each segment which connects the core of an 
optical element and the point of application of the reaction force to the direction of a core 
of the optical element to the load of the optical element of the 1st and 2nd supporter to 
make is set to theta. 

[Claim 6] Said central angles are optical element means for supporting according to 
claim 5 which are within the limits of 5 degrees - 60 degrees. 

[Claim 7] Optical element means for supporting given in any 1 term of claims 3~6 to 
which it is placed between said 1st and 2nd supporters by bearing structure between 
the periphery sections of an optical element. 

[Claim 8] Optical element means for supporting given in any 1 term of claims 3-7 by 
which the accommodation means in the direction of a periphery of an optical element in 
which migration accommodation is possible was formed in at least one supporter among 
said 1st and 2nd supporter. 

[Claim 9] Said tilting regulation functions are optical element means for supporting 
given in any 1 term of claims 2-8 attained by the elastic force of the elastic member 
which has a degree of freedom in the vertical direction of gravity. 

[Claim 10] Said tilting regulation functions are the optical element means for 

supporting according to claim 9 attained by the elastic force of the elastic member which 

has a degree of freedom in the direction which intersects perpendicularly with gravity 

while intersecting perpendicularly with the optical axis of an optical element. 

[Claim 11] Optical element means for supporting given in any 1 term of claims 2- 10 by 

which a towage means to lead an optical element was formed in said upper part 

supporter. 

[Claim 12] Said upper part supporters are optical element means for supporting 
according to claim 11 which have the 3rd supporter and the 4th supporter which have 
been arranged in the location which becomes almost symmetrical to the 1st supporter of 
said lower part supporter and the 2nd supporter, and the core of an optical element. 
[Claim 13] It is the lens-barrel from which said optical element means for supporting 
were constituted from optical element means for supporting of a publication by any 1 
term of said claims 112 in the lens-barrel which holds the optical element to which an 
optical axis extends in the gravity direction and the crossing direction to inner skin 
through optical element means for supporting. 

[Claim 14] It is the aligner with which said optical element was supported in the 
lens-barrel through optical element means for supporting given in any 1 term of said 
claims 1-12 in the aligner which has the optical element prolonged in a lens-barrel in 
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the direction in which an optical axis crosses with the gravity direction. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical element means for 
supporting for supporting optical elements, such as a lens and a reflecting mirror, and 
the lens-barrel which has an optical element, and the aligner for manufacturing a 
semiconductor device etc. further. 
[0002] 

[Description of the Prior Art] Optical elements which constitute the optical system of 
various optical instruments, such as a lens and a reflecting mirror, are used in the 
condition of having been supported in the lens-barrel through means for supporting, in 
many cases. 

[0003] What uses the following frames as this kind of optical element means for 
supporting, for example was known conventionally. That is, as shown in drawing 19 and 
drawing 20 , the frame 151 consists of a receptacle frame 152 in a circle and the snap 
ring 153 in a circle which can be screwed in the receptacle frame 152. Major diameter 
154a and narrow diameter portion 154b are prepared in the opening 154 of said 
receptacle frame 152. The step 157 corresponding to the configuration of the flange 
section 156 formed in the periphery of a lens 155 is formed in the boundary part of these 
major diameter 154a and narrow diameter portion 154b. The inner skin of said major 
diameter 154a serves as a screwhole 158, and the screw section 159 formed in the 
peripheral face of said snap ring 153 and screwing of it are attained. And a lens 155 is 
pinched in a frame 151 by fastening the snap ring 153 in the condition of having made 
one side face of the flange section 156 of a lens 155 contacting the step 157 of the 
receptacle frame 152, until it contacts the other side faces of said flange section 156. 
thereby - one side face of the flange section 156 of a lens 155 ■■ winning popularity - 
base 157a of the step 157 of a frame 152 - moreover, the other side faces of said flange 
section 156 and apical surface 153a of the snap ring 153 - respectively - this flange 
section 156 - field contact is mostly carried out over the perimeter. And the lens 155 
supported with the frame 151 is attached in the lens-barrel of various optical 
instruments through the fixing metal which is not illustrated. 
[0004] 
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[Problem (s) to be Solved by the Invention] However, it is almost impossible to process 
base 157a of the step 157 in the both-sides side of the flange section 156 of a lens 155 
and the receptacle frame 152 and apical surface 153a of the snap ring 153 on the 
completely uniform flat surface which does not have surface waviness etc., respectively 
with a configuration conventionally [ said ], even if it processes it into a precision how. 
For this reason, after the lens 155 has been pinched by the frame 151, there is a 
possibility that most part of the processing tolerance based on the surface waviness of a 
lens 155, the receptacle frame 152, and the snap ring 153 etc. may concentrate on a lens 
155. Such tolerance concentration in a lens 155 produced and cheated out of a different 
deflection for every lot of a lens 155 which cannot be predicted, and had the problem 
that there was a possibility of causing lowering of the optical character ability of a lens 
155. 

[0005] Every [ which has been arranged so that an optical axis may intersect the gravity 
direction especially ] length, with a lens, not only the deflection by the aforementioned 
tolerance concentration but the unsymmetrical deflection by the self-weight of a lens 
was added, and there was a problem that there was a possibility that optical-character 
ability may fall further. 

[0006] Moreover, in aligners, such as a stepper which manufactures a semiconductor 
device, a liquid crystal display component, image sensors (CCD etc.), or the thin film 
magnetic head by the photolithography method, the precision or a still higher precision 
of micron order is required as profile irregularity of an optical element among said 
optical instruments. Therefore, when the deflection which cannot be predicted [ above ] 
had arisen in the optical element, while the focal control at the time of exposure became 
very difficult, troublesome fine adjustment was needed for every equipment, and there 
was a problem of being troublesome. 

[0007] This invention is made paying attention to the trouble which exists in such a 
Prior art, and that object can reduce the yield of the deflection in an optical element, 
and is to offer the optical element means for supporting which can secure easily 
optical-character ability with a high optical element. Moreover, another object of this 
invention is to offer the lens-barrel which can be held, without causing lowering of that 
optical-character ability for an optical element. In addition, still more nearly another, 
object of this invention can control lowering of the optical-character ability of an optical 
element, and is to offer the aligner in which projection exposure of high degree of 
accuracy is possible. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, in 
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invention of claim 1 In the optical element means for supporting (61 91,106,111) which 
support the optical element (62) to which an optical axis (AX2) extends in the gravity 
direction and the crossing direction It has the support device (63a, 63b, 64, 92a, 92b, 
93,107a, 107b, 112a, 112b) which engages with the periphery section (62a) of said 
optical element (62) by at least three places. Said support device (63a, 63b, 64, 92a, 92b, 
93,107a, 107b, 112a, 112b) The load-bearing function which supports the load of an 
optical element (62), and the tilting regulation function which regulates tilting of the 
optical element (62) which uses the support location of the load of said optical element 
(62) as the tilting supporting point, It is making into the summary to have the 
revolution regulation function which regulates the revolution of the optical element (62) 
centering on the axis (Z axis) which intersects perpendicularly with said optical axis 
(AX2). 

[0009] Therefore, according to invention of claim 1, the periphery section of an optical 
element is supported by at least three support devices, and does not produce the field 
contact covering the perimeter of the side face of said optical element between the side 
face of an optical element, and the supporter of means for supporting. For this reason, a 
possibility that the processing tolerance of the optical element itself and the supporter 
of means for supporting may concentrate on an optical element through these 
supporters is reduced. 

[0010] In invention of claim 2, it sets to optical element means for supporting (61 
91,106,111) according to claim 1. Said support device (63a, 63b, 64, 92a, 92b, 93,107a, 
107b, 112a, 112b) The lower part supporter which engages with the gravity direction 
lower part section of the periphery section (62a) of an optical element (62) (63a, 63b, 92a, 
92b, 107a, 107b), It is divided into the upper part supporter (64, 93,112a, 112b) which 
engages with the gravity direction upper part section of the periphery section of an 
optical element. While forming a tilting regulation means (80, 84, 95) to have said 
tilting regulation function at least in one side of an upper part supporter (64, 93,112a, 
112b) and a lower part supporter (63a, 63b, 92a, 92b, 107a, 107b) At least a load-bearing 
means (63a, 63b, 92a, 92b, 107a, 107b) of an upper part supporter (64, 93,112a, 112b) 
and a lower part supporter (63a, 63b, 92a, 92b, 107a, 107b) to have said load-bearing 
function in another side It is making to have prepared into the summary. 
[0011] Therefore, according to invention of claim 2, tilting which used the load-bearing 
means of the optical element as the tilting supporting point is controlled certainly, 
supporting the weight of an optical element certainly in addition to an operation of 
invention of claim 1. 

[0012] In invention of claim 3, it sets to optical element means for supporting (61 
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91,106,111) according to claim 2. Either [ at least ] said upper part supporter (64, 
93,112a, 112b) or a lower part supporter (63a, 63b, 92a, 92b, 107a, 107b) It has the 1st 
supporter (63a, 92a, 107a, 112a) and the 2nd supporter (63b, 92b, 107b, 112b) which 
sets predetermined spacing in the direction of a periphery of an optical element (62), 
and is arranged in it to said 1st supporter (63a, 92a, 107a, 112a). Said 1st supporter 
(63a, 92a, 107a, 112a) and 2nd supporter (63b, 92b, 107b, 112b) make it the summary to 
have been arranged so that it may become the symmetry to the axis (Zaxis) prolonged 
along the gravity direction. 

[0013] Therefore, according to invention of claim 3, in addition to an operation of 
invention of claim 2, an optical element is supported with sufficient balance to the axis 
which meets in the gravity direction. In invention of claim 4, it sets to optical element 
means for supporting (61 91) according to claim 2 or 3. Moreover, said each supporter 
(63a, 63b, 64, 92a, 92b, 93) When the segment (L1L3) which connects the core (LP) and 
each supporter (63a, 63b, 64, 92a, 92b, 93) of an optical element (62) is supposed, it is 
making to have been arranged so that the include angle of the central angle (theta) 
which two adjoining segments make may make regular intervals mostly into the 
summary. 

[0014] Therefore, according to invention of claim 4, in addition to an operation of claim 2 
or invention of three, an optical element is supported with much more sufficient balance. 
In invention of claim 5, it sets to optical element means for supporting (106 111) 
according to claim 3 or 4. When a load-bearing means (107a, 107b) is formed in said 
lower part supporter (107a, 107b), said 1st and 2nd supporter (107a, 107b) The axis 
which intersects perpendicularly with an optical axis (AX2) in the level surface where 
the gravity direction carries out said optical element (62) up and down for 2 minutes 
(X-axis), When the include angle with each segment which connects the core (LP) of an 
optical element (62) and the point of application (SPa, SPb) of the reaction force (Fa, Fb) 
to the direction of a core (LP) of the optical element (62) to the load of the optical 
element (62) of the 1st and 2nd supporter (107a, 107b) to make is set to theta, It is 
making to have been arranged so that the ratio of said reaction force (Fa, Fb) in said 
each point of application may make sintheta into the summary. 

[0015] Therefore, according to invention of claim 5, since distribution of the support load, 
in the 1st and 2nd supporter is distributed in the at best [ balance ] almost more nearly 
optimal still condition in addition to an operation of claim 3 or invention of four, an 
optical element is supported in the condition of having been stabilized more. 
[0016] In invention of claim 6, it is making for said central angle (thetas) to be within 
the limits of 5 degrees - 60 degrees into the summary in optical element means for 
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supporting (61 91,106,111) according to claim 5. 

[0017] Here, while the regulation effectiveness by engagement with both supporters 
becomes small to the revolution of the optical element centering on the axis with which 
said optical axis and said central angle cross at right angles, and is prolonged in the 
gravity direction at less than 5 degrees, there is a possibility that an adjoining 
supporter may interfere. On the other hand, if said central angle exceeds 60 degrees, 
when using the receptacle member which contacts the periphery section of an optical 
element in two or more supporting points (it corresponds to said point of application) for 
each supporter, the supporting point of this receptacle member will exist across said 
level surface. For this reason, the support effectiveness of the weight of the optical 
element in that supporting point becomes small, and it becomes easy to concentrate a 
load on some supporting points. 

[0018] On the other hand, according to invention of said claim 6, in addition to an 
operation of invention of claim 5, the assignment effectiveness of a load [ in / both / each 
supporting point of a receptacle member ] that revolution regulation of an optical 
element is secured is demonstrated efficiently. 

[0019] In invention of claim 7, it is making for bearing structure (73, 74, 75,109) to 
intervene between the periphery sections (62a) of an optical element (62) into the 
summary at said 1st and 2nd supporter (63a, 63b, 92a, 92b, 107a, 107b) in optical 
element means for supporting (61 91,106,111) given in any 1 term of claims 3 6. 
[0020] Therefore, according to invention of claim 7, in addition to an operation of one 
invention of claims 3-6, the degree of freedom of a relative configuration is produced 
between an optical element and each supporter, and it becomes absorbable by inclusion 
of bearing structure about the processing tolerance of each part material, such as the 
optical element itself and a supporter. 

[0021] In invention of claim 8, it is making into the summary to have formed in at least 
one supporter (107a) the accommodation means (109) in the circumferencial direction of 
an optical element (62) in which migration accommodation is possible in optical element 
means for supporting (106,111) given in any 1 term of claims 3-7 among said 1st and 
2nd supporter (107a, 107b, 112a, 112b). 

[0022] Therefore, according to invention of claim 8, in addition to an operation of one 
invention of claims 3 7, the processing tolerance of each part material, such as the 
optical element [ in / by / to the circumferencial direction of an optical element / carrying 
out migration accommodation / in some supporters / this direction ] itself and a 
supporter, becomes absorbable. Moreover, according to this invention, although heat 
may be accumulated in an optical element at the time of the exposure light exposure to 
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an optical element, it becomes absorbable [ the thermal expansion of the optical element 
by such are recording heat ]. 

[0023] In invention of claim 9, said tilting regulation function makes it the summary to 
have been attained by the elastic force of the elastic member (84 95) which has a degree 
of freedom in the vertical direction of gravity in optical element means for supporting 
(61 91,106,111) given in any 1 term of claims 2 8. 

[0024] Therefore, according to invention of claim 9, the dimension gap with the optical 
element and means for supporting which are produced based on the processing 
tolerance of each part material and change of environmental temperature is absorbable, 
controlling tilting of an optical element certainly in addition to an operation of one 
invention of claims 2 8. 

[0025] In invention of claim 10, in optical element means for supporting (91) according 
to claim 9, the optical axis (AX2) of an optical element (62) and said tilting regulation 
function make it the summary to have been attained by the elastic force of the elastic 
member (95) which has a degree of freedom in the direction which intersects 
perpendicularly with gravity while crossing at right angles. 

[0026] Therefore, according to invention of claim 10, in addition to an operation of 
invention of claim 9, said processing tolerance and a dimension gap can be absorbed still 
more certainly. In invention of claim 11, it is making into the summary to have formed a 
towage means (116) to lead an optical element (62) in said upper part supporter 
(64,112a, 112b) in optical element means for supporting (ill) given in any 1 term of 
claims 2-10. 

[0027] Therefore, according to invention of claim 11, in addition to an operation of one 
invention of claims 2- 10, also in an upper part supporter, a part or all of weight of an 
optical element can be supported. Especially with a configuration in which the 
load-bearing means was formed also in the lower part supporter, while an optical 
element is ****(ed) in a lower part, it is led from the upper part, and the assignment 
load in each supporter is reduced further, and the amount of deflections of an optical 
element is reduced further. 

[0028] In invention of claim 12, said upper part supporter (112a, 112b) makes it the 
summary to have the 3rd supporter (112a) and the 4th supporter (112b) which have 
been arranged in the location which becomes almost symmetrical to the 1st and 2nd 
supporter (107a, 107b) of said lower part supporter, and the core (LP) of an optical 
element (62) in optical element means for supporting (ill) according to claim 11. 
[0029] Therefore, according to invention of claim 12, in addition to an operation of 
invention of claim 11, the weight of an optical element can be supported with still more 
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sufficient balance. In invention of claim 13, said optical element means for supporting 
(61 91,106,111) make it the summary for optical element means for supporting of a 
publication to have been consisted of by any 1 term of said claims 1-12 in the lens-barrel 
(51) which holds the optical element (62) to which an optical axis (AX2) extends in the 
gravity direction and the crossing direction to inner skin through optical element means 
for supporting (61 91,106,111). 

[0030] Therefore, according to invention of claim 13, an optical element can be held with 
the optical element means for supporting which have an operation of one invention of 
claims 1-12, without causing lowering of optical-character ability in the body of a 
lens-barrel. 

[0031] In invention of claim 14, said optical element (62) makes it the summary to have 
been supported by any 1 term of said claims 112 in the lens-barrel through the optical 
element means for supporting of a publication in the aligner with which an optical axis 
(AX2) has the optical element (62) prolonged in the gravity direction and the crossing 
direction in a lens-barrel (51). 

[0032] Therefore, according to invention of claim 14, lowering of the optical-character 
ability of an optical element is controlled by the optical element means for supporting 
which have an operation of one invention of claims 1-12, and projection exposure of high 
degree of accuracy is attained. 
[0033] 

[Embodiment of the Invention] (The 1st operation gestalt) Below, the 1st operation 
gestalt of this invention is explained based on drawing 1 - drawing 6 . 
[0034] In the scanning aligner of so-called step - and - scanning method, this 1st 
operation gestalt materializes the lens-barrel of this invention to a part of projection 
optical system while materializing the optical element means for supporting of this 
invention to lens means for supporting every length. 

[0035] First, a scanning aligner (it only considers as an "aligner" hereafter) is explained 
based on drawing 1 and drawing 2 . As shown in drawing 1 , the aligner 31 consists of 
the exposure light source 32 for illuminating masks, such as reticle and a photo mask, 
the illumination-light study system 33 which adjusts exposure light, a mask stage 34 in 
which said mask is laid, a projection optical system 35 which projects the circuit pattern 
on the mask illuminated by exposure light on substrates, such as a wafer and a glass 
plate, and a substrate stage 36 in which said substrate is laid. The part except the 
exposure light source 32 is contained among these components in the chamber 37 by 
which temperature, humidity, etc. were controlled by high degree of accuracy. Hereafter, 
with this operation gestalt, Reticle R is adopted as said mask, Wafer W is adopted as 
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said substrate, and the example which carries out cutback projection and imprints the 
circuit pattern on Reticle R for a predetermined cutback scale factor on Wafer W is 
explained. 

[0036] As said exposure light source 32, the ArF excimer laser which emits a laser beam 
with a wavelength of 193nm, for example is used. The laser beam from the exposure 
light source 32 is led to the illumination-light study system 33 in said chamber 37 
through light guide optical -system 33a. 

[0037] Said illumination light study system 33 is equipped with various lens systems, 

such as a relay lens, a fly eye lens, and a condenser lens. Moreover, it is constituted by 

this illumination -light study system 33 including the blind arranged in the pattern side 

of the reticle R laid on the aperture diaphragm and said mask stage 34, and the location 
^ **** j 

[0038] Said illumination-light study system 33 sets said mask stage 34 caudad, and it is 
arranged so that the optical axis of said projection optical system 35 and the mask 
installation side 41 may cross at right angles. This mask stage 34 is equipped with the 
mask holder 42 for carrying out installation maintenance of the reticle R. This mask 
holder 42 is movable in the inside of the level surface by the drive which is not 
illustrated to Y shaft orientations Gt sets to drawing 1 and is the longitudinal direction 
of space). Moreover, this mask holder 42 is constituted so that jogging of X shaft 
orientations (direction which intersects perpendicularly with space in drawing 1 ), and 
the minute revolution of the circumference of the Zaxis (axis which is parallel to the 
optical axis of said exposure light EL, and is prolonged along the gravity direction) may 
be possible. 

[0039] The projection optical system 35 is constituted by the catadioptric system of the 
3 times echo equipped with the reflected light study component 43 and three lens 
groups 44, respectively. And in case exposure light passes this projection optical system 
35, that cross-section configuration is reduced to l/(n is a forward integer) of 
predetermined cutback scale factors n by these lens groups. In addition, the 
configuration of this projection optical system 35 is explained in full detail behind. 
[0040] Said substrate stage 36 is equipped with the surface plate 45, the X stage 46 
arranged movable at said X shaft orientations, and the Y stage 47 arranged movable at. 
Y shaft orientations. While laying Wafer W, the substrate holder 48 which carries out 
[ the holder ] vacuum adsorption and is supported is formed in this Y stage 47. This Y 
stage 47 is moved to an opposite direction to the mask holder 42 of said mask stage 34 
with the velocity ratio which becomes settled according to the cutback scale factor of 
said projection optical system 35 at the time of scan exposure. 
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[0041] Next, said projection optical system 35 is explained to a detail. As shown in 
drawing 2 , the projection optical system 35 is equipped with the lens barrel 51 as a 
lens-barrel which makes the shape of a character of pi, and the 1st which constitutes 
cutback optical system as a whole - the 3rd lens groups 44a -44c and two or more 
reflected light study components (a concave mirror or plane mirror) 43a-44c. 
[0042] The 1st opening 53 is formed in the reticle R on said mask stage 34 of said lens 
barrel 51, and the reticle opposed face part 52 which counters. Moreover, the 2nd 
opening 55 is formed in the wafer W on said substrate stage 36 of said lens barrel 51, 
and the wafer opposed face part 54 which counters. 

[0043] 1st lens group 44a is held in 1st leg 51a of a lens barrel 51, and is constituted by 
two or more concave lenses, a convex lens, etc. which have the common optical axis AX1 
prolonged in accordance with Z shaft orientations under the reticle R. 2nd lens group 
44b is held in infestation section 51c of a lens barrel 51, and consists of two or more 
lenses which have the common optical axis AX2 prolonged along the direction which 
intersects perpendicularly with said Z axis. 3rd lens group 44c is held in 2nd leg 51b of a 
lens barrel 51, and is constituted by two or more concave lenses and the convex lens 
which have the common optical axis AX3 prolonged in accordance with Z shaft 
orientations above Wafer W. 

[0044] Said 1st lens group 44a sets caudad, and concave mirror 43a which makes a 
reflected light study component is arranged so that the optical axis may be in 
agreement with the optical axis AX1 of said 1st lens group 44a. Moreover, 1st plane 
mirror 43b which similarly makes a reflected light study component is installed in the 
location of the pupil surface of a projection optical system 35 in the upper part of 1st 
lens group 44a. Moreover, comparatively large-sized 2nd plane mirror 43c which 
similarly makes a reflected light study component is installed above 3rd lens group 44c. 
This 2nd plane mirror 43c is the general reflective mirror which reflects exposure light 
about 100%. And between those 1st plane mirror 43b and 2nd plane mirror 43c, said 
2nd lens group 44b is arranged. 

[0045] The 1st gobo 56 prolonged to near the optical axis AX1 of 1st lens group 44a is 
formed in a part for the infestation section 51c flank of said reticle opposed face part 52. 
The incidence of the light from the upper part to the right half in drawing 2 of 1st lens 
group 44a is restricted by this 1st gobo 56. Moreover, the 2nd gobo 57 prolonged to near 
the optical axis AX2 of 2nd lens group 44b is formed in a part for the bottom flank of the 
joint of 1st leg 51a of a lens barrel 51, and infestation section 51c. This 2nd gobo 57 is 
arranged so that it may correspond to the boundary part of 1st lens group 44a and 2nd 
lens group 44b. And the incidence to 2nd lens group 44b of the excessive reflected light 
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from the 1st lens 44a side or scattered reflection light is controlled with this 2nd gobo 57. 
[0046] In addition, the conjugate point K of the wafer W front face about exposure light 
exists on the optical axis AXL of the exposure light EL between said 1st plane mirror 
43b and 2nd lens group 44b by which this projection optical system 35 has been 
arranged at the pupil surface. Thus, the constituted reflective refraction type projection 
optical system 35 has a merit, like extent of a raise in numerical aperture (N.A.), 
reduction of the number of optical elements, and the formation of a laser narrow band is 
loose compared with a projection optical system refraction type [ all ]. 
[0047] Next, optical element means for supporting are constituted and lens means for 
supporting are explained to a detail every length for supporting said 2nd lens group 44b 
in infestation section 51c of a lens barrel 51. 

[0048] the [ of the plurality (here two) as a lower part supporter with which the lens 
means for supporting 61 engage with the periphery section by the side of the gravity 
direction lower part of a lens 62 every length as shown in drawing 3 and drawing 4 ] 
the [ 1 movable supporter 63a and ] - it consists of 2 movable supporter 63b and a fixed 
supporter 64 as an upper part supporter which engages with the periphery section by 
the side of the gravity direction upper part of a lens 62. Each of these supporters 63a, 
63b, and 64 set an equiangular distance to the circumferencial direction of a lens 62, 
and are arranged at it. namely, two or more central angles which the adjoining 
segments L1L3 make when the segments L1-L3 which connect the core LP of each 
supporters 63a, 63b, and 64 and a lens 63 are supposed each theta is an equal, the 
[ moreover, / said ] - the [ 1 movable supporter 63a and ] the optical axis AX2 of a lens 
62 and 2 movable supporter 63b are arranged at theta/2 spacing to the Z-axis as an axis 
prolonged along the gravity direction while it crosses at right angles, the [ namely, / 
said ] ■■ the [ 1 movable supporter 63a and ] •* 2 movable supporter 63b constitutes the 
1st supporter and the 2nd supporter which have been arranged, respectively so that it 
may become symmetrical to said Z-axis. 

[0049] As shown in drawing 3 , drawing 4 , drawing 5 (c), drawing 5 (d), and drawing 6 , 
said both movable supporters 63a and 63b consist of a receptacle member 67 which 
engages with the periphery section of said lens 62, a pedestal 68 by which junction 
maintenance is carried out at the lens barrel 51 as a body of equipment, and bearing 
structure which intervened among them. Each [ these ] movable supporters 63a and 63b 
constitute a load-bearing means to have the function which mainly supports the load 
based on the weight of a lens 62. 

[0050] The slot 70 which extends along with the circumferencial direction of a lens 62 is 
formed in the center of the opposed face by the side of the lens 62 of said receptacle 
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member 67, and the circular projected part 71 prolonged so that the slot 70 may be 
intersected is formed in the ends in the slot 70. Flange section 62a formed in the 
periphery section of a lens 62 engages with said slot 70, and said circular projected part 
71 contacts the peripheral face of flange section 62a of a lens 62. That is, the ridgeline of 
two circular projected parts 71 is making two or more supporting points SP which set 
predetermined spacing and exist. 

[0051] Moreover, between the medial surface of said slot 70, and the side face of flange 
section 62a of a lens 62, the packing 72 which becomes with elastic bodies, such as 
rubber, is infixed. Moreover, the cone-like crevice 73 which constitutes said a part of 
bearing structure is formed in the center of the opposed face by the side of said lens 62 
of the receptacle member 67, and the field of an opposite hand. 

[0052] On the other hand, the cone-like crevice 74 which constitutes a part of bearing 
structure is formed in the center of the field by the side of the lens 62 of said pedestal 68 
so that the cone-like crevice 73 of said receptacle member 67 may be countered. And the 
ball 75 which constitutes a part of bearing structure is infixed among said both cone-like 
crevices 73 and 74. Moreover, in the field by the side of said lens 62, and the field of an 
opposite hand, junction immobilization of this pedestal 68 is carried out with a bolt 77 to 
the support seat 76 formed in the inner skin of a lens barrel 51. 

[0053] Here, said ball 75 is arranged mostly in the location corresponding to medium of 
both the circular projected part 71 of said receptacle member 67. And since both the 
movable supporters 63a and 63b are arranged to said Z-axis with this at the symmetry 
as mentioned above, each supporting point SP of each movable supporters 63a and 63b 
will be arranged to said Z-axis at the symmetry. 

[0054] As shown in drawing 3 , drawing 4 , drawing 5 (a), and drawing 5 (b), said fixed 
supporter 64 is equipped with the engagement section 80 which engages with the 
periphery section of said lens 62, and the tabular elastic body 84 as an elastic member. 
And a tilting regulation means to have the function of tilting regulation with these 
engagement section 80 and the tabular elastic body 84 consists of this operation gestalt. 
[0055] The same slot 81 and same circular projected part 82 as an opposed face of the 
receptacle member 67 of said 1st supporter 63 are formed in the opposed face by the side 
of the lens 62 of said engagement section 80. Moreover, flange section 62a formed in the 
periphery section of a lens 62 engages with this slot 81. And between one side face of 
flange section 62a of a lens 62, and the internal surface of a slot 81, the packing 83 
which consists of elastic bodies, such as rubber and a spring, is infixed. Moreover, the 
side face of another side of flange section 62a and the internal surface of a slot 81 
contact directly. Therefore, the side face of another side turns into datum level, and is 
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constituted. 

[0056] Said tabular elastic body 84 is infixed in plate like between the support seats 85 
in which nothing and its longitudinal direction were formed in the optical axis AX2 and 
this direction of a lens 62 at the inner skin of said engagement section 80 and lens 
barrel 51. This tabular elastic body 84 is being fixed to the bearing surface of said 
support seat 85 with the bolt 87 of a couple in those ends while being fixed to said one 
side face of said engagement section 80, and a reverse side face with the bolt 86 in that 
center. Moreover, the recess of thread portion 88 which permits the elastic deformation 
of said tabular elastic body 84 between the screwing locations of both the bolts 87 is cut 
in the bearing surface of the support seat 85. Thus, while the tabular elastic body 84 has 
become what has a degree of freedom only in said Z shaft orientations, i.e., the thing in 
which elastic deformation is possible, migration to an optical-axis AX 2-way is regulated. 
Thereby, tilting which uses said both movable supporters 63a and 63b of a lens 62 as the 
tilting supporting point is regulated. 

[0057] moreover, it mentioned above - as -- every length of this - the lens means for 
supporting 61 - the [ said / three ] - the [ 1 movable supporter 63a and ] -- 2 movable 
supporter 63b and the fixed supporter 64 set an equiangular distance, and are arranged. 
In both the movable supporters 63a and 63b, the weight of a lens 62 is supported 
upward, and tilting of a lens 62 is regulated in the fixed supporter 64. And junction 
immobilization of these supporters 63a, 63b, and 64 is carried out at the support seats 
76 and 85 of a lens barrel 51. For this reason, a revolution centering on said Z axis of a 
lens 62 will also be regulated. That is, said each supporters 63a, 63b, and 64 also 
constitute a revolution regulation means to have the revolution regulation function of a 
lens 62. 

[0058] Next, actuation of the aligner 31 constituted as mentioned above is explained. If 
the exposure light EL is irradiated from the exposure light source 32 where alignment 
of Wafer W and Reticle R is performed as shown in drawing 1 , in case this exposure 
light EL passes the illumination-light study system 33, a cross-section configuration 
will be restricted for example, in the shape of a slit by the blind in the illumination-light 
study system 33. And the exposure light EL made into the shape of this slit illuminates 
the lighting field of the shape of a slit on the reticle R by which the circuit pattern was 
drawn through the fly eye lens, the condenser lens, etc. with a uniform illuminance. 
[0059] Next, as shown in drawing 2 , incidence of the exposure light EL which 
penetrated this reticle R is carried out to a projection optical system 35, and 1st lens 
group 44a is mainly concerned with it, it penetrates a left half part, and results in 
concave mirror 43a. Here, it is reflected in the direction of incidence, and the 
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symmetrical direction about the optical axis AX1 of the concave mirror 43a, and the 
exposure light EL penetrates the right half part of 1st lens group 44a, and results in 1st 
plane mirror 43b. 

[0060] Next, it is reflected by 1st plane mirror 43b, and turns this exposure light EL 
towards a direction parallel to the optical axis AX2 of 2nd lens group 44b, and 2nd lens 
group 44b is mainly concerned with it, it penetrates the Johan section, and results in 
2nd plane mirror 43c. Then, it is reflected by 2nd plane mirror 43c, and turns this 
exposure light EL in the direction parallel to the optical axis AX3 of 3rd lens group 44c. 
[0061] And 3rd lens group 44c is mainly concerned with this exposure light EL, it 
penetrates a left half part, and results in the wafer W on the substrate stage 36 through 
the 2nd opening 55. Thus, in case the projection space image of the circuit pattern on 
Reticle R penetrates the 1st - the 3rd lens groups 44a-44c, it is reduced by 1/n time, and 
on said wafer W, projection exposure of the circuit pattern on the reduced reticle R is 
carried out. 

[0062] In the case of this exposure, the synchronous scan of the mask holder 42 which 
carries out installation support of the reticle R, and the substrate holder 48 which 
carries out installation support of the wafer W is mutually carried out with a 
predetermined velocity ratio in accordance with said Y shaft orientations at the reverse 
sense. Thereby, the whole pattern of Reticle R is imprinted by the one-shot field on 
Wafer W. Such scan exposure is performed by migration of the X stage 46 of the 
substrate stage 36, and the Y stage 47, carrying out step migration of the wafer W one 
by one. And the pattern of Reticle R is imprinted by all the shot fields on Wafer W. 
[0063] According to this 1st operation gestalt constituted as mentioned above, the 
following operation effectiveness is done so. 

(**) every length of this - the lens means for supporting 61 the [ said / three ] - the [ 1 
movable supporter 63a and ] — 2 movable supporter 63b and the fixed supporter 64 set 
an equiangular distance, and are arranged. And in both the movable supporters 63a and 
63b, the weight of a lens 62 is supported upward, and tilting which uses both the 
movable supporters 63a and 63b of a lens 62 as the tilting supporting point in the fixed 
supporter 64 is regulated. Furthermore, the revolution of the circumference of the 
Z axis which meets in the gravity direction of a lens 62 is also regulated by collaboration 
of these supporters 63a, 63b, and 64. That is, the lens 62 is certainly held only with 
three supporters. For this reason, the field contact almost covering all peripheries of a 
lens 62 is not produced like a configuration before between a lens 62 and the means for 
supporting which support it. 

[0064] for this reason, the flat surface in the supporter of lens 62 self and means for 
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supporting processing tolerance, such as a wave, can reduce a possibility of 
concentrating on a lens 62, in the support condition of a lens 62. Therefore, while being 
able to control a possibility that the deflection which cannot be predicted may occur on a 
lens 62, the profile irregularity of a lens 62 can be secured good and lowering of the 
optical-character ability of a lens 62 can be controlled. 

[0065] (**) Every length of this, in the lens means for supporting 61, in two downward 
movable supporters 63a and 63b, that weight is supported for a lens 62, and that tilting 
is regulated in the fixed supporter 64 which is upper one. In this case, an 
unsymmetrical deflection may be produced in the vertical direction based on the 
self- weight of a lens 62 [ near both the downward movable supporters 63a and 63b ]. 
[0066] However, in the projection optical system 35 of the above reflective refraction 
molds, the exposure light EL mainly penetrates the Johan section in 2nd lens group 44b 
which will be in a condition every length like within the limits shown, for example in 
drawing 3 and drawing 4 with a two-dot chain line, without passing the soffit section 
which contains near said both movable supporters 63a and 63b. For this reason, that 
effect is small even if the above deflections arise into the lower part part of a lens 62. 
Therefore, especially the lens means for supporting 61 are suitable every length of this 
as lens means for supporting of the projection optical system 35 of a reflective refraction 
mold. 

[0067] (**) this - length - every - a lens - means for supporting - 61 setting - a lens 
- 62 - weight - supporting - both - movable - a supporter - 63 - a - 63 - b -- the core 
LP of a lens 62 - a passage — the gravity direction - meeting - the Z-axis - receiving — 
the symmetry -- becoming - as - arranging - having — **** . Moreover, it is arranged so 
that each supporting point SP of both the movable supporters 63a and 63b may become 
the symmetry to said Z-axis. Therefore, the weight of a lens 62 is supported with 
sufficient balance, and the yield of an unsymmetrical deflection can be reduced to the 
horizontal direction of a lens 62. 

[0068] (**) With the lens means for supporting 61, the receptacle member 67 which has 
two supporting points SP (this operation gestalt circular projected part 71) is used for 
each movable supporters 63a and 63b every length of this. For this reason, the weight of 
a lens 62 is distributed in each movable supporter 63a and 63b at two supporting points 
SP. Therefore, it is controlled that the load of a lens 62 concentrates on one point in each 
movable supporter 63a and 63b, and it can, reduce the amount of deflections of the lens 
[ / near each supporting point SP ] 62. 

[0069] (**) It is placed between each movable supporters 63a and 63b of the lens means 
for supporting 61 by bearing structure (it consists of the cone-like crevices 73 and 74 



[JP, 11-231192, A] 
Page 17 of 32 



and ball 75 of a couple in this example) every length of this. For this reason, the splash 
of the receptacle member 67 which made the core BP of a ball 75 the center of oscillation 
is permitted. That is, in the wearing condition of a lens 62, the degree of freedom of a 
relative configuration will have arisen between the lens 62 and the pedestal 68. Thereby, 
the relative location of the receptacle member 67 and a lens 62 is finely tuned 
automatically so that the peripheral face of flange section 62a of a lens 62 may be met. 
Therefore, the processing tolerance of each part material of lens 62 self and both the 
movable supporters 63a and 63b is absorbable with this fine adjustment. 
[0070] Moreover, when each movable supporters 63a and 63b are equipped with a lens 
62, even if a lens 62 bends with a self-weight and the peripheral face of the flange 
section 62a deforms slightly, said receptacle member 67 is rocked according to the 
deformation. Therefore, even if said deformation arises on a lens 62, it can receive with 
the peripheral face of a lens 62, and the engagement to the supporting point SP of a 
member 67 can be secured. 

[0071] (**) In the lens means for supporting 61, junction immobilization of the fixed 
supporter 64 is carried out through the tabular elastic body 84 at the lens barrel 51 
every length of this. Here, since elastic deformation is difficult in the direction of the 
optical axis AX2 of a lens 62 (namely, the gravity direction and the direction which 
intersects perpendicularly), the tabular elastic body 84 can control certainly tilting of 
the lens 62 which uses said both movable supporters 63a and 63b as the tilting 
supporting point. 

[0072] By the way, the processing tolerance in the direction in which the weight of a lens 
62 meets the gravity of each part material including a lens 62 since [ the ] it sets caudad 
and is supported by both the movable supporters 63a and 63b will be concentrated on 
the upper part side of a lens 62. Based on concentration of this processing tolerance, a 
location gap may be produced between a lens 62 and the fixed supporter 64. Moreover, 
since coefficient of linear expansion differs, respectively, a lens 62 and each part 
material of the fixed supporter 64 may produce the same location gap with change of 
environmental temperature. 

[0073] Here, since said tabular elastic body 84 is the thing in which elastic deformation 
is possible in the vertical direction which is the gravity direction, it can absorb easily 
said location gap which can set a lens 62 radially. Therefore, the yield of the deflection 
in the gravity direction of a lens 62 can be reduced. 

[0074] (g) In this lens barrel 51, the lens 62 is held through the lens means for 
supporting 61 every length of said configuration. Therefore, the yield of the deflection in 
a lens 62 is reduced, and a lens 62 can be held, without producing lowering of 
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optical-character ability in a lens barrel 51. 

(**) In this aligner 31, two or more lenses 62 which constitute that 2nd lens group 44b 
are held in infestation section 51c of a lens barrel 51 through the lens means for 
supporting 61 every length of said configuration. For this reason, lowering of the 
optical-character ability in each lens 62 is controlled, and projection exposure of high 
degree of accuracy is attained. 

[0075] (The 2nd operation gestalt) Next, the 2nd operation gestalt of this invention is 
explained focusing on a different part from said 1st operation gestalt based on drawing 
T ' drawing 10 . In the lens means for supporting 91, the configuration of the movable 
supporters 92a and 92b and the 2nd supporter 93 differs from said 1st operation gestalt 
every length of this 2nd operation gestalt. 

[0076] it is shown in drawing 7 - drawing 10 - as - the [ of this 2nd operation gestalt ] - 
the [ 1 movable supporter 92a and ] - the member by which 2 movable supporter 92b is 
equivalent to the receptacle member 67 of said 1st operation gestalt is omitted. And on 
the peripheral face of flange section 62a of a lens 62, the cone like crevice 94 is formed 
so that it may correspond with the cone-like crevice 74 of the pedestal 68 of both the 
movable supporter 92. A ball 75 is infixed among those cone-like crevices 74 and 94, and 
the supporting point SP of each movable supporter 92 is constituted by the ball 75. That 
is, the lens means for supporting 91 have one supporting point SP every movable 
supporter 92 every length of this operation gestalt. 

[0077] Moreover, the engagement section 80 of the fixed supporter 93 is attached in the 
medial surface of the mounting slot 96 formed in the support seat 85 of a lens barrel 51 
so that it might extend in accordance with the optical axis AX2 of a lens 62 through the 
tabular cross-section [ of L characters ]-like elastic body 95. The slit 97 is formed in the 
center of the bending section of this tabular elastic body 95. It is secured, the degree of 
freedom, i.e., the elastic-deformation function, to the direction (X shaft orientations) 
which meets the horizontal axis which intersects the optical axis AX2 of the vertical 
direction (Z shaft orientations) which is the gravity direction of the tabular elastic body 
95, and a lens 62 by existence of this slit 97. And in the center of the level surface part 
98, junction immobilization of the tabular elastic body 95 is carried out with the bolt 86 
at said engagement section 80. Moreover, junction immobilization of the tabular elastic 
body 95 is carried out at the support projected part 101 formed in the medial surface of 
said mounting slot 96 with the bolt 100 in the center of a vertical surface part 99. The 
both sides of this support projected part 101 serve as the recess of thread portion 102 
which permits the elastic deformation to said X shaft orientations of the tabular elastic 
body 95. 
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[0078] according to this 2nd operation gestalt constituted as mentioned above (**) of 
said 1st operation gestalt - (Ha) - and (**) and the almost same effectiveness - in 
addition, the following operation effectiveness is further done so. 

[0079] (**) With the lens means for supporting 91, it is engaging with the cone like 
crevice 94 where the ball 75 was formed on the peripheral face of the direct lens 62 in 
said both movable supporters 92a and 93b every length of this. For this reason, 
components mark can be lessened and simplification of a configuration can be attained. 
[0080] (**) The tabular elastic body 95 infixed in the fixed supporter 93 of the lens 
means for supporting 91 every length of this is the thing in which the elastic 
deformation to said Z shaft orientations and X shaft orientations is possible. For this 
reason, the location gap with the lens 62 and the fixed supporter 93 in X shaft 
orientations of not only radial [ of a lens 62 ] but the lens 62 is easily absorbable. 
Therefore, the yield of the deflection of a lens 62 can be reduced further. 
[0081] (The 3rd operation gestalt) Next, the 3rd operation gestalt of this invention is 
explained based on drawing 11 - drawing 15 focusing on a different part from said 1st 
operation gestalt. In the lens means for supporting 106, the configuration of both the 
movable supporters 107a and 107b differs from said 1st operation gestalt every length 
of this 3rd operation gestalt. 

[0082] it is shown in drawing 11 and drawing 12 -- as -- the [ of this 3rd operation 
gestalt ] - the [ 1 movable supporter 107a and ] - the receptacle member 108 to which 2 
movable supporter 107b engages with the periphery section of that lens 62 was 
extended along with the circumferencial direction of a lens 62. the [ moreover, / one ] - V 
groove 109 which replaces with the cone-like crevice 74 of said 1st operation gestalt, and 
is prolonged along with the circumferencial direction of a lens 62 is formed in the 
opposed face by the side of the lens 62 of the pedestal 68 of 1 movable supporter 107a. 
the [ and ] - in 1 movable supporter 107a, the ball 75 is infixed between the cone-like 
crevice 73 on the tooth back of the receptacle member 108, and V groove 109 on a 
pedestal 68. this V groove 109 - the - the migration accommodation of 1 movable 
supporter 107a to the circumferencial direction of a lens 62 is attained, and this V 
groove 109 constitutes the accommodation means while constituting a part of bearing 
structure. 

[0083] Moreover, said both movable supporters 107a and 107b have the load-bearing 
function, and each of those supporting points SPa and SPb are making the point of 
application of the reaction force to the direction of main LP of the lens 62 to the load of a 
lens 62. Said each supporting points SPa and SPb are arranged so that it is 0 on the 
level surface where the bearing power in each of that supporting point SP, i.e., the 
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reaction force which goes to the core LP of said lens 62, carries out a lens 62 up and 
down here for 2 minutes, it may increase gradually as a supporting point SP moves 
caudad, and it may become max at the bottom of a lens 62. That is, when the include 
angle with each segment which connects the axis which intersects perpendicularly with 
the optical axis AX2 of a lens 62, i.e., the X-axis, and Core LP and each supporting 
points SPa and SPb of a lens 62 in said level surface to make is set to thetaa and the tab, 
each supporting points SPa and SPb are arranged so that the ratio of said reaction force 
in each of that supporting point SP may make sinthetaa and sinthetab. In addition, as 
shown in drawing 1.1 , in each movable supporters 107a and 107b, a supporting point 
SPa is a supporting point by the side of the Z axis, and a supporting point SPb is a 
supporting point by the side of the X-axis. 

[0084] Next, when each supporting points SPa and SPb have been arranged like a 
parenthesis at intervals of equiangular (thetas), distribution of the support load in each 
supporting points SPa and SPb is explained. 

[0085] The aforementioned thetaa and the tab are expressed by thetas like a degree type, 

respectively. 

[0086] 

[Equation l] 

e s 

0 a = 9 0 ■•• ( 1 ) 

2 

[0087] 

[Equation 2] 

3 

9 b = 90- $ s ■•• ( 2 ) 

2 

It is [0088] in order that the ratio of each reaction force Fa and Fb in each supporting 
points SPa and SPb may make sintheta here. 
[Equation 3] 

It becomes. 

[0089] Next, the junction location of the pedestal 68 to the lens barrel 51 of each 
movable supporters 107a and 107b is considered. Here, what is necessary will be just to 
consider the ratio of the include angles alpha and beta of the segment which connected 
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the distribution ratio of both the supporting points SPa and SPb in the receptacle 
member 108, i.e., the core BP of a ball 75 and the core LP of a lens 62, and the segment 
which connected the core LP of each supporting points SPa and SPb and a lens 62 to 
make. Since it is the ratio of the same reaction force Fa and Fb also in each supporting 
points SPa and SPb in each movable supporter 107a and 107b, the ratio of said include 
angles alpha and beta is [0090]. 
[Equation 4] 

It becomes. 

[0091] Moreover, since the weight M of the lens 62 whole is supported in every two 
supporting points SPa and supporting points SPb, respectively, a degree type is realized. 
[0092] 

[Equation 5] 

Therefore, it is [0093] when it solves about Fa and Fb from a formula (3) and a formula 
(5). 

[Equation 6] 

M • s i n 6 a 

Fa = 

2 (s i n z 0 a + s i n 2 0 b) 

[0094] 

[Equation 7] 



It becomes. Next, in order to ask for the location of each optimal supporting point in the 
lens means for supporting 106 every length of this 3rd operation gestalt, the result of 
having measured the amount of deflections using the parallel plate-like lens is 
explained. 

[0095] The amount of deflections of the direction of an optical axis of a lens (it sets to 
this drawing and is the upper line Syl) is shown in the amount of deflections of the 
gravity direction of a lens (it sets to this drawing and is the upper line Szl), and 
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drawing 14 at drawing 13 . Here, the amount of deflections to the direction of an optical 
axis of a lens was as small as about about 1 / 20 compared with the amount of 
deflections to the gravity direction, and it was what can almost be disregarded. 
[0096] Here, in the range with which thetasdoes not fill 5 degrees of central angles, both 
the movable supporters 107a and 107b become what approached dramatically, and the 
regulation effectiveness of a revolution of the circumference of the Zaxis which meets in 
the gravity direction of a lens based on support of both the movable supporters 107a and 
107b falls. Moreover, in the range of this central angle theta s, both the movable 
supporters 107a and 107b interfered, and there was also a possibility that it might 
become impossible to secure the desired central angle theta s. 

[0097] On the other hand, in the range in which thetasexceeds 60 degrees of said central 
angles, two supporting points SPa and SPb of each movable supporters 107a and 107b 
will exist on both sides of the X-axis. It becomes impossible for this reason, to expect the 
support effectiveness of the load of the lens by one supporting point SPb. 
[0098] On the other hand, in the range whose thetasis 5 degrees - 60 degrees of central 
angles shown in drawing, it migrated to the whole region mostly and the amount of 
deflections of a lens was the range which may fully be satisfied. Moreover, in the range 
whose thetasis 15 degrees - 35 degrees of said central angles, change of the amount of 
deflections of a lens became very small. Furthermore, in the range whose thetasis 20 
degrees - 30 degrees of central angles, most change of the amount of deflections of a lens 
was not seen so that clearly from drawing 13 and drawing 14 . 

[0099] based on this result, an example of the optimal arrangement of each supporting 
points SPa and SPb in the lens means for supporting 106 is shown every length of this - 
then, drawing 15 - like - each supporting points SPa and SPb - a central angle about 
thetas=25 degree - it is - etc. - it has been arranged at interval. In this case, as for 
distribution of each of said supporting points SPa and SPb in each movable supporters 
107a and 107b, the supporting point SPa by the side of 13.8-degree a location and the 
Z-axis can be found with the location of 11.2 degrees in a central angle to a ball 75 by 
said formula (l) - (7) by the supporting point SPb by the side of the X-axis at a central 
angle. 

[0100] According to this 3rd operation gestalt constituted as mentioned above, in 
addition to the almost same effectiveness as (b) of said 1st operation gestalt - (**), the 
following effectiveness is further done so. 

(**) every length of this - the lens means for supporting 106 - the - 1 movable 
supporter 107a is the thing in which migration accommodation is possible along with 
the circumferencial direction of a lens 62. for this reason even if the location gap with 
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a lens 62 and both the movable supporters 107a and 107b arises based on change of 
processing tolerance and environmental temperature -■ the ■- it is easily absorbed 
because 1 movable supporter 107a moves to said circumferencial direction. Moreover, a 
lens 62 may produce thermal expansion with the are recording heat at the time of 
exposure light passing. At this time, expansion of the circumferencial direction of a lens 
62 is absorbed by migration of the circumferencial direction of the receptacle member 
108, and expansion of the direction of an optical axis of a lens 62 is absorbed by 
deformation of packing 83. Therefore, generating of the deflection based on said location 
gap is controlled, and lowering of the optical-character ability of a lens 62 can be 
controlled. 

[0101] the [ and / this ] - the accommodation means to the circumferencial direction of 
the lens 62 of 1 movable supporter 107a contains the ball 75 and V groove 109. For this 
reason, if the force to that circumferencial direction arises on a lens 62, a ball 75 will roll 
along with V groove 109. the [ therefore, ] - migration accommodation in the 
circumferencial direction of the lens 62 of 1 movable supporter 107a can be ensured 
[ easily and ] . 

[0102] (**) Every length of this, with the lens means for supporting 106, each 
supporting points SPa and SPb are arranged so that the ratio of the reaction force Fa 
and Fb corresponding to the load of the lens 62 in each supporting points SPa and SPb 
of both the movable supporters 107a and 107b may be set to sintheta. For this reason, 
distribution of the support load in each supporting points SPa and SPb can be made into 
the almost optimal condition. Therefore, while being able to support a lens 62 in the 
condition of having been stabilized further, much more reduction can be aimed at in the 
yield of the deflection of a lens 62. 

[0103] (The 4th operation gestalt) Next, the 4th operation gestalt of this invention is 
explained based on drawing 16 - drawing 18 focusing on a different part from said **** 
operation gestalt. It is what prepared 1st towage supporter 112a and 2nd towage 
supporter 112b as the 4th supporter in said 3rd operation gestalt in the lens means for 
supporting 111 as the 3rd supporter with which the towage means was established as 
an upper part supporter in addition to said fixed supporter 64 every length of this 4th 
operation gestalt. 

[0104] As shown in drawing 16 - drawing 18 , this 1st towage supporter 112a and 2nd 
towage supporter 112b are prepared so that a pair may be made in the upper part on 
both sides of the fixed supporter 64 arranged in that maximum upper part from the 
level surface where the gravity direction carries out a lens 62 up and down for 2 minutes. 
That is, 1st towage supporter 112a and 2nd towage supporter 112b are arranged so that 
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the symmetry may be made to said Z-axis, and they also constitute the 1st supporter 
and the 2nd supporter, respectively, moreover, 1st towage supporter 112a - the - 1 
movable supporter 107a and 2nd towage supporter 112b - the - it is arranged so that it 
may become symmetrical to the core LP of a lens 62 with 2 movable supporter 107b, 
respectively. 

[0105] Each towage supporters 112a and 112b consist of connection members 117 which 
connect the towage spring 116, and these joints 114 and the towage spring 116 as a 
towage means held in the joint 114 joined to the peripheral face of a lens 62 through a 
glue line 113, and the mounting hole 115 formed in the lens barrel 51. 
[0106] As for said joint 114, the junction pawl 120 with which the longitudinal direction 
is prolonged along with the circumferencial direction of a lens 62, and makes the 
supporting points SPa and SPb of a couple in the side face by the side of the lens 62 of 
the longitudinal direction is set up. In this junction pawl 120, junction immobilization of 
a joint 114 and the lens 62 is carried out through the glue line 113. As for said towage 
spring 116, the end is in contact with parsbasilarisossisoccipitalis 115a of said 
mounting hole 115. 

[0107] Said connection member 117 consists of a cross-linking piece 121 of the shape of a 
character of a cross section pi, and a connection rod 122 vertically set up from the 
cross-linking side 121a. Said cross-linking piece 121 is arranged so that the leg 121b 
may straddle a top face in drawing 16 of said joint 114, and it is being fixed to said joint 
114 by the pin 123 in the leg 121b. Said connection rod 122 is inserted in free passage 
hole 115b drilled in the interior of said towage spring 116, and 
pars basilaris ossis occipitalis 115of said mounting hole 115 a. Head section 122a is 
prepared at the head of that connection rod 122, and it is engaging with the other end of 
said towage spring 116 pushed and contracted so that this head section 122a might have 
the predetermined energization force. By this engagement, the energization force of the 
towage spring 116 acts on a lens 62 through the connection rod 122, the cross-linking 
piece 121, a pin 123, a joint 114, and a glue line 113. And a lens 62 will be in the 
condition of having been led up, and assignment support of a part of weight of a lens 62 
will be carried out by both the towage supporters 112a and 112b. Thus, both the towage 
supporters 112a and 112b also constitute the load-bearing means. 

[0108] Next, in the lens means for supporting 111, the result of having measured the 
amount of deflections using the parallel plate-like lens is explained like the lens means 
for supporting 106 every length of said 3rd operation gestalt every length of this 4th 
operation gestalt. 

[0109] The amount of deflections of the direction of an optical axis of a lens (it sets to 
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this drawing and is the lower line Sy2) is shown in the amount of deflections of the 
gravity direction of a lens (it sets to this drawing and is the lower line Sz2), and drawing 
14 at drawing 13 . Every length of this 4th operation gestalt, with the lens means for 
supporting 111, compared with this equipment 106 of said 3rd operation gestalt, on the 
whole, the amount of deflections became about 1/3 in the gravity direction, and became 
about 1/2 value in the direction of an optical axis so that clearly from drawing 13 and 
drawing 14 . 

[0110] Here, when observed about bending of the comparatively big gravity direction of 
the amount of deflections, change of the amount of deflections was small in the range 
whose thetasis 10 degrees - 40 degrees of said central angles. Furthermore, in the range 
whose thetasis 15 degrees - 25 degrees of central angles, most change of the amount of 
deflections was not seen. 

[0111] based on this result, an example of the optimal arrangement of each supporting 
points SPa and SPb in the lens means for supporting 111 is shown every length of this - 
then, drawing 16 like - each supporting points SPa and SPb - a central angle ■ about 
thetas=25 degree - it is -- etc. - it has been arranged at interval. In this case, as for 
distribution of each of said supporting points SPa and SPb in each movable supporters 
107a and 107b and the towage supporters 112a and 112b, the supporting point SPb by 
the side of 13.8-degree a location and the Z axis can be found with the location of 11.2 
degrees in a central angle to Core BP or the connection rod 122 of a ball 75 by said 
formula (l) - (7) by the supporting point SPa by the side of the X-axis at a central angle. 
[0112] According to this 4th operation gestalt constituted as mentioned above, in 
addition to the almost same effectiveness as (b) of each of said operation gestalt - (**), 
(**), and (**), the following effectiveness is further done so. 

[0113] (**) In the lens means for supporting 111, the towage spring 116 which carries 
out towage support of a part of weight of a lens 62 is formed in both the towage 
supporters 112a and 112b every length of this. For this reason, weight of a lens 62 is not 
only ****(ed) with both the downward movable supporters 107a and 107b, but towage 
support is carried out by both the upper towage supporters 112a and 112b. For this 
reason, the assignment load in each supporting points SPa and SPb is reduced further, 
and the amount of deflections of a lens 62 can be reduced further. 

[0114] (**) It is arranged so that each towage supporters 112a and 112b which carry out 
assignment support of a part of weight of a lens 62 may become symmetrical in the lens 
means for supporting 111 to each movable supporters 107a and 107b which similarly 
carry out assignment support of a part of weight of a lens 62, and the core LP of a lens 
62 every length of this. For this reason, the weight of a lens 62 can be supported with 



[JP, 11-231192, A] 
Page 26 of 32 



still more sufficient balance. 

[0115] In addition, said each operation gestalt concerning this invention can be changed 
as follows, and can also be materialized. 

- In said each operation gestalt, three or more movable supporters 63 and 92,107 may be 
formed. Moreover, in said 4th operation gestalt, three or more towage supporters 112 
may be formed. When [ these ] constituted like, the weight of a lens 62 is further 
distributed in each supporters 63 and 92,107,112, and the assignment load in each 
supporters 63 and 92,107,112 is reduced further. And the amount of deflections of a lens 
62 is reduced further. 

[0116] - Three or more circular projected parts 71 may be formed in the receptacle 
member 67,108 of each of said operation gestalt, and the periphery section of a lens 62 
may be made to engage with it. Moreover, in said 4th operation gestalt, it is good also 
considering the number of the junction pawls 120 of the joint 114 of each towage 
supporters 112a and 112b as three or more. In order to act after the weight of a lens 62 
has been further distributed by the circular projected part 71 of each receptacle member 
67,108, or the junction pawl 120 of a joint 114 when [ these ] constituted like, the 
assignment load in each supporting point SP is reduced further. And the amount of 
deflections of the lens 62 in each support neighborhood of a point is reduced further. 
[0117] - In said 4th operation gestalt, it is good also considering the number of the 
junction pawls 120 of the joint 114 of each towage supporters 112a and 112b as one. 
Thus, when constituted, simplification of the configuration of each towage supporters 
112a and 112b can be attained. 

[0118] - In said 1st operation gestalt, the receptacle member 67 of each movable 
supporters 63a and 63b may be extended on both sides along with the circumferencial 
direction of a lens 62 centering on a ball 75. 

[0119] ■ In said 1st operation gestalt, while forming the movable supporter 63 only in 
one place at the part corresponding to the least significant of a lens 62, the tilting 
regulation means of the almost same configuration as two or more fixed supporters 64 
may be formed in the location which serves as an opposite hand to the location 
corresponding to the X-axis of a lens 62, or its X-axis. 

[0120] - While omitting each movable supporters 107a and 107b located under the lens 
62 in said 4th operation gestalt and supporting the weight of a lens 62 only with both 
the towage supporters 112a and 112b For example, a lens 62 forms the fixed supporter 
64 caudad, tilting of a lens 62 is regulated, and you may make it regulate the revolution 
of the circumference of the Z axis of a lens 62 by collaboration with these fixed 
supporter 64 and both the towage supporters 112a and 112b. 
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[0121] ■ In the fixed supporters 64 and 93 of each of said operation gestalt, the 
engagement section 80 may be directly fixed to the support seat 85 of a lens barrel 51 
through the tabular elastic bodies 84 and 95. Thus, if constituted, since a tilting 
regulation means will serve as only the engagement section 80, simplification of the 
fixed supporter 64 and the configuration of 93 can be attained. 

[0122] - The fixed supporter 64 is omitted in said 4th operation gestalt. Both the 
movable supporters 107a and 107b and both towage supporter 112a, The segment which 
connects the core LP of the lens 62 and the core BP of a ball 75 for 112b, all the adjoining 
segments of the axis (extension wire shall pass along the core of a lens 62) of the 
connection rod 122, and axes may arrange so that an equiangular distance, i.e., 
90-degree spacing, may be made. Thus, when constituted, the load based on the weight 
of a lens 62 is supported with sufficient balance to the X-axis and the Z axis, and can 
control generating of an unsymmetrical deflection in each field divided by the X-axis 
and the Z axis of a lens 62. 

[0123] By the way, in this description, an optical element is not limited to a lens and 
limited to a convex lens as shown in drawing, either. That is, this optical element 
contains a concave lens, a plane lens, a convex mirror, a concave mirror, a plane mirror, 
a filter, etc. Moreover, that optical axis can apply this optical element not only to the 
thing of the gravity direction and the direction which intersects perpendicularly but to 
the thing of the crossing direction. 

[0124] Moreover, in this description, an aligner is not limited to the aligner for 
semiconductor device manufacture, and is not limited to the scanning aligner of step - 
and - scanning method, or the aligner of a cutback projection mold, either. That is, this 
aligner also contains the aligner for manufacture of the aligner of a step and- repeat 
method, the aligner of an actual size projection mold, a liquid crystal display component, 
an image sensor, the thin film magnetic head, etc. 

[0125] Furthermore, in this description, the exposure light source is not limited to ArF 
excimer laser, and contains light lamps, such as ultraviolet ray lamps, such as higher 
harmonics, such as the source of an electron ray, X line source, a KrF excimer laser, F2 
excimer laser, an YAG laser, and metal vapor laser, and i line, h line, and g line, etc. 
[0126] In order to attain the function mentioned above, each element which constitutes 
equipment is combined mechanically and setting up the optical element means for 
supporting of this operation gestalt is finished. In order to attain the function 
mentioned above, it is combined mechanically [ each element which constitutes 
equipment ], electrically, and optically, and setting up the aligner which similarly is 
equipped with the above-mentioned optical element means for supporting is finished. 
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[0127] Moreover, the technical thought of a publication can also be extracted from said 
each operation gestalt below. 

(1) Said central angles are optical element means for supporting according to claim 6 
which are within the limits of 15 degrees - 35 degrees. 

[0128] Thus, if constituted, change of the amount of deflections of the gravity direction 
of an optical element can be made very small in a homotype enclosure. 

(2) Said central angles are optical element means for supporting given in the above (l) 
which is within the limits of 20 degrees - 30 degrees. 

[0129] Thus, if constituted, change of the amount of deflections of the gravity direction 
of the optical element in a homotype enclosure can consider as the condition of hardly 
existing. 

(3) Said bearing structure is optical element means for supporting claims 7 and 8 and 
the above (l) which become by the spherical bearing material which intervened between 
the cone like crevices of a couple prepared so that it might counter mutually, and those 
cone-like crevices, and given in either of (2). 

[0130] Thus, if constituted, an optical element can become rockable along with spherical 
bearing material, the processing tolerance of each part material, such as the optical 
element itself and a supporter, can be absorbed, and the yield of the deflection in the 
optical element based on it can be reduced. 

[0131] (4) Said accommodation means is claim 8 which the cone-like crevice was 
established [ claim ] in one opposed face of said bearing structure, and the V groove 
prolonged along the direction of a periphery of an optical element in the opposed face of 
another side was prepared [ claim ], and made spherical bearing material intervene 
between the cone like crevice and V groove, or optical element means for supporting 
given in the above (3). 

[0132] Thus, if constituted, spherical bearing material can roll along with a V groove, 
and migration accommodation in the circumferencial direction of the optical element of 
said supporter can be ensured [ easily and ]. 

(5) Said bearing structure is the optical element means for supporting according to 
claim 7 which consisted of bearing material which intervened between the crevice of 
another side which while was formed on the periphery section of an optical element, and 
was formed on the crevice and the pedestal which holds said optical element to the body 
of equipment, and both [ these ] crevices. 

[0133] Thus, if constituted, the cutback of components mark can be aimed at and 
simplification of the supporter which constitutes a load-bearing means can be attained. 
[0134] 
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[Effect of the Invention] According to invention of claim 1, since concentration of the 
processing tolerance to an optical element is controlled, the yield of the deflection in an 
optical element can be reduced and optical-character ability with a high optical element 
can be secured easily. 

[0135] According to invention of claim 2, in addition to the effect of the invention of 
claim 1, tilting which used the load-bearing means in an optical element as the tilting 
supporting point can be controlled certainly. Moreover, since the load-bearing means 
side of an optical element mainly bends, when a side with few deflections makes 
exposure light mainly penetrate, effect of the deflection of an optical element can be 
made small. 

[0136] Since an optical element is supported [ according to invention of claim 3 ] with 
sufficient balance to the axis which meets in the gravity direction in addition to the 
effect of the invention of claim 2, generating of the unsymmetrical deflection in the both 
sides of said axis of an optical element can be controlled more. 

[0137] According to invention of claim 4, in addition to the effect of the invention of 
claims 2 or 3, an optical element is supported with much more sufficient balance, and 
can control generating of the unsymmetrical deflection in an optical element further. 
[0138] According to invention of claim 5, in addition to the effect of the invention of 
claims 3 or 4, arrangement of the support load in each supporter can be made into the 
almost optimal condition, and generating of the deflection of an optical element can be 
controlled further. 

[0139] According to invention of claim 6, in addition to the effect of the invention of 
claims 5 or 6, the assignment effectiveness of a load [ in / both / each supporting point of 
a receptacle member ] that revolution regulation of an optical element is securable is 
demonstrated efficiently. 

[0140] According to invention of claim 7, in addition to one effect of the invention of 
claims 3-6, the degree of freedom of a relative configuration can be produced between an 
optical element and each supporter, and the processing tolerance of each part material, 
such as the optical element itself and a supporter, can be absorbed. 

[0141] According to invention of claim 8, in addition to one effect of the invention of 
claims 3 7, the processing tolerance and thermal expansion of each part material of the 
optical element in the circumferencial direction of an optical element itself and a 
supporter are absorbable. 

[0142] According to invention of claims 9 and 10, the processing tolerance of each part 
material and the dimension gap with the optical element and means for supporting 
based on change of environmental temperature are absorbable, controlling tilting of an 
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optical element certainly in addition to one effect of the invention of claims 2-8. 
[0143] According to invention of claim 11, in addition to one effect of the invention of 
claims 2- 10, also in an upper part supporter, a part or all of weight of an optical element 
can be supported. Especially with a configuration in which the load-bearing means was 
formed also in the lower part supporter, the assignment load in each supporting point is 
reduced further, and the amount of deflections of an optical element can be reduced 
further. 

[0144] According to invention of claim 12, in addition to the effect of the invention of 

claim 11, the weight of an optical element can be supported with still more sufficient 

balance. According to invention of claim 13, an optical element can be held, without 

causing lowering of optical-character ability in the body of a lens-barrel. 

[0145] According to invention of claim 14, lowering of the optical -character ability of an 

optical element is controlled, and projection exposure of high degree of accuracy can be 

performed. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll The explanatory view showing the outline of a scanning aligner. 

[Drawing 2] The explanatory view which shows a detail a projection optical system and 

near drawing 1 . 

[Drawing 3] The front view showing lens means for supporting every length of the 1st 
operation gestalt. 

[Drawing 4l The 4-4 line sectional view of drawing 3 . 

[Drawing 5] For (a), the partial expanded sectional view in which the partial expanded 
sectional view showing the fixed supporter of drawing 4 and (b) show the partial 
expanded sectional view in the 5b-5b line of drawing 3 , and (c) shows the movable 
supporter of drawing 4 , and (d) are a partial expanded sectional view in the 5d~5d line 
of drawing 3 . 

[Drawing 61 The partial amplification forward sectional view showing the movable 
supporter of drawing 3 . 

[Drawing 7] The front view showing lens means for supporting every length of the 2nd 
operation gestalt. 

[Drawing 81 The 8-8 line sectional view of drawing 7 . 
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[Drawing 91 It is the partial expanded sectional view in which (a) of drawing 8 shows a 
fixed supporter, and (b) shows a movable supporter, respectively. 

[Drawing 10] The partial amplification forward sectional view showing the movable 
supporter of drawing 7 . 

[Drawing 11 ] The front view showing lens means for supporting every length of the 3rd 
operation gestalt. 

[Drawing 12] (b) of drawing 11 the - 1 movable supporter - (a) - the - the partial 
expanded sectional view showing 2 movable supporter, respectively. 
[Drawing 13] The graph about the amount of deflections of the gravity direction in a 
parallel plate lens. 

[Drawing 14] The graph about the amount of deflections of the direction of an optical 
axis in a parallel plate lens. 

1 Drawing 15l The front view showing an example of the optimum state of lens means for 
supporting every length of drawing 11 . 

[Drawing 16] The front view showing lens means for supporting every length of the 4th 
operation gestalt. 

[Drawing 17] The 17-17 line sectional view of drawing 16 . 

[Drawing 18] The partial expanded sectional view showing the towage supporter of 
drawing 17 . 

[Drawing 19] The front view showing lens means for supporting every conventional 
length. 

[Drawing 20] The 20 20 line sectional view of drawing 19 . 
[Description of Notations] 

31 ■ A scanning aligner, 51 -- 61 The lens barrel as a lens-barrel, 91,106,111 - Every [ as 
optical element means for supporting ] length Lens means for supporting, 62 - The lens 
as an optical element, 62a - The flange section as the periphery section, 63a, 92a, 107a 
-- A lower part supporter, the 1st supporter, and a part of load-bearing means are 
constituted, the [ which has a revolution regulation function ] - 1 movable supporter, 
63b and 92b, and a 107b - lower part supporter - the [ which constitutes the 2nd 
supporter and a part of load-bearing means, and has a revolution regulation function ] - 

2 movable supporter - 64 93 . - The fixed supporter which constitutes an upper part 
supporter and a part of revolution regulation means, 73 74 The cone-like crevice, 75 
which constitute a part of bearing structure - The ball which constitutes a part of 
bearing structure, 80 84 The engagement section, 95 which constitute a part of tilting 
regulation means -- While constituting a part of tilting regulation means, the tabular 
elastic body as an elastic member, 109 - The V groove, 112a which constitute the part 
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and accommodation means of bearing structure * A part of upper part supporter The 
1st towage supporter which constitutes the 3rd supporter and a part of load-bearing 
means, and has a revolution regulation function, 112b -■ Apart of upper part supporter, 
the 4th supporter, and a part of load-bearing means are constituted. The 2nd towage 
supporter, 116 which have a revolution regulation function •* The towage spring as a 
towage means, AX2 The optical axis of the 2nd lens group as an optical axis of an 
optical element, Fa, Fb - Reaction force, LP [ - The axis, Z which intersect 
perpendicularly with an optical axis in the level surface / - The axis prolonged along the 
gravity direction while intersecting perpendicularly with an optical axis, theta, thetas / 
Central angle. ] The core of an optical element, L1L3 - A segment, SPa, SPb which 
connect the core and each supporter of an optical element The supporting point, X 
which constitute point of application 
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^fte&HlSfSrffi^-r^Ct left*. fiPAT. rcD^© 

\z$>Z> 0 
[0 0 0 8] 

\Z* «*fll0«WTH 3fcf& (AX 2) 3^a**lSli: 
XH-rS^lfil^JitfS*^*^ (6 2) «at-r*3t^ 
iH^I(6 1 f 9 1, 10 6, 111) t:^ 
T» ^<<hfc3^m"C«5rie3t*« : f : (6 2) <*>*wg» 
(6 2a) tw«ft-TS^»««l (63a, 6 3b, 6 
4, 92a, 92b, 9 3, 1 0 7 a, 107b, 11 

2 a, 112b) bWB*»«B«I (63 a, 63 



b, 6 4, 9 2 a, 9 2b, 9 3, 1 0 7 a. 107 
b, 112a, 112b) fck Jt^m^ (6 2) CDffifS 
£5#^*«fiX*S«ffi«t, W3B^*T- (6 2) <Dffi 
a^ftffiB^iSlfr^-tTS^*^ (6 2) cDMlfr 

$a*i-r*«iba«i«ffii:. «HH3t« (ax2> <tm$: 
-rzom (zw &*>bii-r2>yt&m¥ (6 2) <d®& 

[0 0 0 9] fot, il*3Bl©*TOc«fcntf, 5ft¥* 
^©^«*«^&< 3 *E>r©^»»fc«k 03a#£ 

[0 0 10] «f*3B2©«^Ttt, fcfB«©5t 
fi^gi (6 1, 9 1, 10 6, 1 1 1) tC*5^ 
T, «ffi^»«t«l (6 3 a, 6 3b, 6 4, 9 2 a, 9 
2b, 9 3, 1 0 7 a, 10 7b, 112a, 112 
b) tt. yt&m? (6 2) <0^jg» (6 2 a) ©S** 
rfilT*^tC«'&-r«T*^»« (6 3 a, 6 3b, 9 2 
a, 9 2 b, 10 7a, 1 0 7 b) ye^*=F<0^m 

m<onxtt±jmiz&tt*±-%3emt (6 4, 9 

3, 112a, 112b) ifcihWu _h^a*8B (6 

4, 9 3, 112a, 112b) £"RKa#« (6 3 

a, 63b, 92a, 92b, 107a, 107b) £ 

<D'pta< t^-^iztemmmhmmmm&^&mMM 
m^m (so, 8 4, 95) zm-tziimz* ±3&m 

« (6 4, 9 3, 1 1 2 a, 112b) <hT^M 
(63a, 63b, 92a, 9 2b, 10 7a, 107 

b) h(D'pu<£%m^\zimtmm^&mm&m?z> 

|[ftaifg{6 3a, 6 3 b, 9 2 a. 9 2b, 10 
7a, 10 7b) £Ktt£:;i££»g£bT^£. 
[0 0 11] S£oT> g*3R^2©58Wc«tnfc& bS*^ 

[0 0 12] ^#*3©3g9mi, Hl**2fci2»<03t 
f^^i (6 1, 9 1, 10 6, 111) t^li 
T> bOTB±;639W& (6 4, 9 3, 1 1 2 a, 112 
b) SfcWTRiMaSBP (6 3 a, 6 3 b, 9 2 a, 9 2 

b, 107a, 10 7b) *1 S: 
m& (6 3a, 9 2a, 10 7a, 112a) hWB 
*l3S#BB(6 3a, 9 2a, 107a, 1 12a) (: 
^bt^fif (6 2) <D^*|S|lcW^raRI€r*3^T 
iE«Sn«»2S»» (6 3 b, 9 2b, 10 7b, 1 
1 2 b) ££*TU SrS5mi3a#» (6 3 a, 9 2 a. 
10 7a, 112a) £*2£»» (63 b, 92 b, 
10 7b, 112b) tttfi^^|Bj(Cf&oT3ffitXStt» 

(Z«|) ^SUTWWr^SJc^twEigsnfciit^S 



(4) 
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[0 0 13] tot, K&9-3<Dmmiz&ti& m$tm 
2amm<of^mizim^r. ytfrm^tfimttfaiztbott 
j»tc»LT^>;*<fc<3a#$ft*. $nt. m$tm4<D 
mm-cte* m$tm 2 sfcn 3 {cs»<o^*^3E»s© 

(6 1, 9 1)lC*SHT* «ffi&3£J"*« (6 3 a, 6 3 
b, 6 4, 9 2 a, 9 2b, 9 3) Sft^*^ (6 

2) ©tf'fr (LP) <fc#3a*« (6 3 a, 6 3b, 6 
4, 9 2a, 9 2b, 9 3) (LI— L 

3) $fiSLfct#«C. P^tS2 0©^0^1*W 
ft (6i) ©ftSAiH«^WKi€r3Q:'rJ:'5lcES$nfc^ 

fett4(Cl2«©3t»^3t»S@ (10 6. Ill) (C 
*3^T, hWBT*S»» (10 7 a, 10 7b) tc^fi 

(107a, 107b) &wtvtitm* wimm 

1 > ^2^^ (10 7a, 107b) (i, h^IBt^^ 
f (62) €fi**|fi!©±TJC2»-r'5* 5 Pffil^«^l^ 

r^ia (ax 2) te^si&gg (x«d 

(6 2) ©if'fr (LP) tlL m2 3fel*» (10 7 
a, 10 7b) (D^m^ (62) CD^miC*tT£3fc^ 
m^f- (6 2) CD^L> (LP) ^fil^CDKtl (Fa, F 
b) ©ftUHjfit (SPa, SPb) ££*^#g^ch<D£ 

(Fa, Fb) (DttJfis inG^I-^^CEl^nfc 
3*fctt4©56Wfl!)^fflt:MT. mi> 3B2 3£»TOc 

[0 0 16] IS*g^©3E9tTfcL fi^5(C^mc7)7t 
^P$»S1 (6 1, 9 1, 10 6, lll)tc:fc^ 

t» iuie^ft (0 s) ii5° -6 0° <Dmmprv&z> 

[0 0 1 7] ilCT, B&IH+-£?ftA*5 0 b&S 

z<dtz&. ^(D^&gjz&tf&yt&m^&mmcD 
[ooi8] cnc^it, «jffiis*]i6©^wc:ctn 



[0019] gR^QI 7 R$Jg 3 - 6 

na>-*tC§B«©3^*^J3SB (6 1, 9 1, 10 
6, 111) lc*5^T* HifiemK SS2 3E#» (6 3 

a, 63b, 92a, 9 2 b, 10 7a, 1 0 7 b) I: 
ft&m^ (6 2) <D*Wg« (6 2 a) iKOPJJ^ttS 

i8 (7 3, 7 4, 7 5, 1 0 9) ^ftSntMC 

[oo2o]tot, mim7 <n%m\z&n\z, m^m 

[0 0 2 1] m&m8<DKWVte* «f*g3 — 7<OlvT 
n^-^JCSBW^^lR^fipKe (10 6, 111) 
IC^T, ifflS^l, »2 3t»« (1 0 7 a, 107 

b, 112a, 1 1 2 b) cort, ^< tt> lOCO^tJ* 
SB (10 7 a) tell, (6 2) CDR^^il^ 
l*£#ftIH^ffifcS!«#« (10 9) *m$L^tltz^ 

££»©<hbTtr>-&. 

[0 0 2 2] f^T, ^#^8<BfgWr«fcnfcf> !f*lf 
3-7 © t vrn*>©^©f£ffl Icj0n*-T> — «0«#BB 

[o o 2 3] fg*«9<z£egrai, 01*^2-8©^ 

n**-:Wc82*©^^£»Se (6 1, 9 1, 10 
6, 111) tCi5^T, HUlBfM&^^t^ m^ODi: 

T^(cg^^^rrs#^m?r (8 4, 95) <dw& 

[0 0 2 4] tot, 0f*]l9«)^WCJ:tltf, l#3*c^ 
2-8<Dli-rn^<0^?B©fffflJCjnAT, 

[0 0 2 5] IMfcSl 0O36WTI1 H*E9K:i2ito 

(9 i) tc*5^T, ttismti^iHtttg 
«u ye^m^ (62) (ax 2) Knewst* 
\z* a*(ciesi-**rPi(ce*fi*=rrs»tt«Bt (9 

[oo2 6]ftot, ai*3Bi o©^iw«fcn«, n^e 
« 9 <D%w<Dttm icjid at, H»i2jtox^iafc^&-rn 

^Tti, 2-10 m^nfr-mzmmcoyt^m 
ttmgiW. (111) tc^v^T, «riB-t*s»» (e 

4, 112a, 112b) tcH, ft&m^ (6 2) 



(5) 
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(i i 6) tfmiznrzzt&mmtis 

[0027] tot, mjtmi i^^tcctntf. n* 
^2~i o<D\,r?ftfr<Dmi<nfpmizmxx. ±*x*# 
»td*3ViTt>. ^*^<oaa©^sfcti£«£x» 
■rscii:**T#s. Eric, T^Ra^atcbwaja^R 

[0 0 2 8] §j£ft@ i 2 ©fegraa* m^js 1 1 tctem 
©^ss^sassa (iii) fc^x, «rs±^» 

BB (1 1 2 a, 112b) II igT*a*»0)il, 
*23t»a(10 7a, 107b) 56^*^(6 
2) ©+i£> (LP) tC#LT(a^^<h&£&WeiBg 

snfc«33g»« (112 a) &xm43&m (112 

b) ^TS^t^itLTl^o 
[0 0 2 9]foT> i»3»Bl 2 ©3BW;iJ;*lfc£ H2fc 

St 1 1 ©fBE©ftU8tcln*T> 3£^iT<DM££ (C 

Tte, 3fc«I (AX 2) ^M^ft^^T^faieMtf 
S*^ 1 ? (6 2) 3^*?^»«a (6 1,9 

1, 106, 111) &itvxtoMmtzfm't*im 

(5 1) IC^T, tfffH3^^^F^@ (6 1, 9 

1, 106, 1 1 1) (i, Hute^^ 1 — 1 2 ootrvrn 

* 1 - 1 2 (D^nfr&^mcDftm&irrzyt^mtt 

[0031] m$tmi 4<Dmmx^ mm (5 d 
3ra* (ax 2) dtm**rpit3SlT5*iRr{c®tXS3t* 

(62) ^^rrsastsatc^T* sw23^*^ 
(62) a. tute^^^ 1-12 tov^-rn^—^jcrafe 

[0 0 3 3] 

mmommvwmi mimmmm) arte, 
<db 1 mmmmiz'D^xm±^m6_izm^xmmf 

[0034] zKDmimmmmte. ^n***^-? - 

w©3t**^j*sa^»»a^ p >xxj*sa«c^fl: 



[0035] s?\ fk&mmymw (e*t, mz m^t 
sai <tt^> icout, 11 1 2 fcg^iA-Tittgii- 
-re. %ii tc^-r^^tc a*»a3 u? 1 ^;^ 
7* h^^*©^x^*Bs^-rsfc«>©«>t3tai3 2 

a5^€rWirrSBg^3t*^3 3<h. H&fBvX^^ 

<offlK±tca»"fs^3t*^3 5t, itfffag^mg 
tMi^f-y 3 6 t^bM^nri^. 

*A<K»iiKtz:«!l»$n&5 L + >A3 7 WcJRiWSnT^ 

5, £*t, zKD^mmnxte. mm^xztvxu^z 

)\sR&mmV. BfflEgtRtLT^iAW^KJHU 
^^RJiCD®^A^->^^iAW_htCRifr^COi^/h^ 

[0 0 3 6] H9iB»30£ai3 2 hhX\Z. fclAfcfifcB 1 
9 3 nmCOU— IfSfoHTTSA r FX^yVlz-if^flg 

3 3 a^LT, tafB^Y>A3 7 |*g©i!gTOfc^ 3 3 

[0 0 3 7] iuiBM^7fc#2fl3 3tt, Ul/-I/>X, 7 

SffiAT^S. £fc. I^^7^^3 3tC^ ^U^O 

^^-vffit^s^adEasnfcX^-f > t**& 

[003 8] fttfBT^ ^X^— >> 3 4 fct. fl&IBJStTOfc^ 
^3 3CDT^(C^5^T> j ec7)VX^^gM4 1 ^HUfH^ 
#*9^3 5<03Wl!li:a[3!rrsJ:'3tc:Sa$nT^»S. 

TV^o £fc, ZL<D-?7>t?&)l>¥4 2te, Xftfc#|S] (Jl 

Mz&\,*xmm£W3?r2>%ft) ©«»*3«trxz«i (m 

!2i)BtE L0^ttt?lf Tto^^^oTM^i 

[0 0 3 9] &M£y£^m 3 5ti, #J;Ute##3fc^t^4 
3 RtXU 4 4 fc-W^n 3 3 \B\frM<DK 

u >xp tcj: o v ^t^^cc/)^^^ 3 5 &mm? 
z>mz, *<Dmmm^v%i£<Dm'j>femi/n (ntiiE 

(Z)^) \zffi;h$nz>J:?\zU*z>x^Z><, Zi(D& 

3 5 <DMmz-z>^xte, mzmft-tZo 

[0 0 4 0] HfffHSIS^^-^3 6tt, €84 5^ mf 
fHX^^i^lj"5TBgtCiBM^n^X7;5 : —^4 6 
YttirlnJK^ibnriEClEa^nfcY^^-: /4 7t^fi 



(6) 
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[0 04 1] Mz. mrtaa*^* 3 5 K^vrffHfflfc 

raw*. MiL^^^t— ^^3 5ii jt© 
m^ytfrmzmticr z&i-~f&3 u>x&4 4 a-44 

c (IHIffiigS&tt^®*) 4 3a 

-4 4 c (h^TO^o 
[0 0 4 2] Mf2l/>X^f5 5 1 ©WIBVX^^t 1 — v 
3 4 .LCD U^;i/R t»|pTT S U^Jl1^fim» 5 2 (c 

XIM5 1©bW2SS^^— z/3 6±<0^xAWt»rSl 

[0 04 3] ^ll/>X^44all U>Xfcft5 1<D 
^1TO5 1 artfcHBR&Sn* U^&Jl/RCDTJjlZZm 

1/>X, OU>X^(CcfcoT«lriEStlTl^. !£2I/> 
X»4 4btt» U>X«®5 l©«fx«5 1 crtfcJR* 

«iAX2&^rr5S*a)U>XJ:D«fi!csnru*. £g 

3U>X»44ctt> U>XM55 l<2)3E2B$aS5 1 b 

s*a©3W*AX3***rs*aoiHiu>x, dhw>x 

[0 0 4 4] mTlsmi U>XWE4 4 aODT^tC&UT, 
E#3^i^£&-riHIffifc4 3 ate, ^cD5fc$^t|i^S£ 
1 I/>XP4 4a«AXl t-SrTScfc'SJCffiBS 

nt^s, mi u>x^4 4aoD_t^-e, ase* 

^ 3 5 ©ttffi©tteicli. |*3i;<£#5fc^3i : P£&-r 
^l¥®i4 3b^i^nw§o m30DU> 

x» 4 4 c ©±5&(ztt, mc< Km%&mttte-rtt» 

«*S!©M2¥I«4 3 c«^nt^5. i!CDif|2 
¥®^4 3 c te, ^70££tat£ l 0 0/1— tr> 

*l¥ifi«4 3b«i:«2 5F®*4 3ctC0ISa(Cli. gj^ 

12 u>x^4 4 bA«esnrtis. 
[oo4 5] timisrzjwiim&s 2<Dm=ms 1 c 
§m&iz\z* m i u>xp 4 4a (oymAx i ©isgi^ 

31W5 6l:«fcot, 8il/>X84 4aOi2l;m 

fc, 1/>X*«5 1©»1«W5 1 a t«R»5 1 c t 
©»^«©JK«I«#IC te, ^21/ >X» 4 4b OO^A 

X20is§^t'i^2ia5 7**Ktfe»nriri 

>5„ £COMS2itefc«5 7HU Ill/>Xf4 4a«i:i2 

u>xp4 4 b <t<o«ist«»{c»^srsj:'piciBfiisn 

Tl^o ^LT, ^<0«2ag3t«5.7fC<fcoT* *1U 
>X4 4 a«3&^©^ff&S»3t^aJS«3t©*2 U> 



X»4 4 b^AM«J$n^o 
[0 0 4 6] ^^Mfi3 5il BIMtCffie 

znrcmzmi¥-mm4 3b^2 u>xsm 4bt<D 
^^^-ry^^T^^tit^T, Ainmsc (n. 

A. ) to, ^iR^aftoSfcK u-tf»E»rt:<08«rt* 

[0 0 4 7] ^*^3E»SB&«fiKL. HUfBm 

2 U>XSM 4 b*P>X«©5 lcD$tfrS&5 1 cfttc 
^J#TSfc*o«!B#U>X»*«g(c-oiriT, mffllz 

[0048] M^iit^t^ u >x 

^J*S@6 1 te, 1/>X6 2 ©a**|S|T*«©^ffl 
(c^TST*$»««hbT©«» (uCTtt 20) 

i pii&^gp 6 3a mtw> 2 »iwm$w> e 3 b <t , 
u>X6 2<Dmttfo±&m<onmmz%&-rz>±j&L 
swt tT<oi3Ba^»6 4 1 j: ds:^ ws. ;in<b 

©#3t8r«6 3a. 6 3b, 6 4H l/>X6 2<DR^ 
^M6 3a, 6 3b, 64tl/>X630WLP 

t*«-s»»L i 3 &iK«bfc<fc*, B»-rs»» 
l l— l 3<D^T^acD«f^(9^ tvfn*>^L^t> 

Ot&r3T^. WI3«1 pII&3£»«6 3 at* 

2pJIfc£#8K6 3b£«U 1/>X6 2CD3t$6AX2tCi^ 

wc^bT©/2p^Pin?essnTir>s. T&=b^, ^ 

IB!?§ 1 RT»r3£»« 6 3a m 2 pJKi:£J#£ff 63blt 

fzmi ^S^2^«MLT^§ 0 

[0 0 4 9] 13, MA> &5 (c) , 15 (d) 
1L6 tC^Tct "5 fC, itfifBPo 6 3a, 63b 
tt, SMEU>X6 2<on^«tC«^-rsStt««6 7 

Ke*#tbT©u>x«iiss5 lc^ssns 

ifijc$ntt^. dne>$pTi&3at«6 3 a, 63b 
te, ^(cu>X6 2©M(c:a^<^fa*3a«-rs«ig 

[0 0 5 0] fW3gttBB»6 705U>X6 2«©jE*|6]ffi 

0 £.3mr?&& o \zmTfi&nm}&m r 1 «$nt 

IriS. ffirffij»7 0tCWU>X6 2<on«»«C^fi)c$nfc; 
^««6 2 arttfl^U 8UIBP33Il^gB7 1^1/>X6 
2<OOtf«6 2 a©n®ffi«CS»T -5«t-5l3&oT^ 
-So 0^0, 2^)CDR3ll^W7 1 CO^IItS, 0f^<3DP^ 

[0 0 5 1 ] BUlS^7 00D^OTtU>X6 2 CD 

2 aflDffMtoratwti, =fA«0#tt|*lC«fc 0 



(7) 
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7©iftfBU>X6 2®J©#ftM<h£##J©®©^{;: 
[0 0 5 2]—*. 8©U>X6 2$J©M 

-rsct'Stc, «ia*je©-«§«i^tr-5F , iiittiHi«7 4 

M^ntl^. fUT, iufBMRi£#[H^7 3. 7 

$nrtiS. C©i^»6 8H iiflf2U>X6 2 

JC^fiK^n^fiP* 7 6 IZttVTtf)}, b 7 7 tC «fc 0^ 

[0 0 5 3] ^CX\ mK#— ;i/7 5tt, 
6 7 1 ©e«*K«=:^l£rr-5tt@lclB 

estiT^S. fLT> r©;r£<^ 3 fciapr 

MBE6 3a, 6 3b^HfffiZ$fitC^bT^tcKS 
2nx^£>;i££^£, *prite£#«6 3 a, 63b© 

[0 0 5 4] 13 , jg4 » 15 (a) JRXmo (b) tC 

^ti6«-&«8o < t«tt#tt#8 4tjCcto, mb 

[0 0 5 5] ffifEft^&8 0©U>X6 2M<Dttfamz 

mffem 1 6 3 ©»*fiw* 6 7 ©*tr*i® «t ^ 
©#i8 i&&mmv&$&8 2«$nxt^. s*:* 

«6 2 a^^Scfc^JC^TV^. "tLT, U>X 
6 2 ©DEW 6 2 a©— *©$I®£. *Pf8 1 ©rtSffit 

?P£8 l^^tltliilMitao tot, 

[0 0 5 6] f!l2««SPtt#8 4H?TO^t, -e© 

^8 0 £U>Xmn 5 I ©^ffilc^fifcSnfc^ft* 
8 5 ^©KfC^SSnTir^. £©*£#»*£# 8 4(1, 

S8(C^5liT«rt2ja#* 8 5 h 8 7 tC 

4©#tt«^w*-rs2i^b«8 sswa&snTi* 

■Dtt^iiifct:, 3»e»AX2*|6i^(0»lto&*«»l$n 

ti^o cntCcto, i/>X6 2 <oiasiaf5ift3£j*a 6 



3 a, 6 3 b*«i!i3t.««t-r*«i&^«»J$nSct'5^ 

[0 0 5 7] US: J; -51c, ^©K«€TU>X 

6 1 Ttt, WIS 3 >r m©JH I iMfcfcftffi 6 3 
a, «2Rr»SJ*«6 3 b, @5fefc#«6 4j&*, 
^l^HTEi^nxi^o ^©OTtftteHMBe 3 

a, 6 3 biZ^XU>X6 2©aS3&*±fS]€rtc3t#*S 
n, ^<0@3t^SSI56 4{C*5V^TU>X6 2©«iW^ 
0J$nTV^ o flT, utl^^M6 3a, 6 3 

b, 6 4te, L/>Xi^5 1^i76> 8 5t;^ 
l^^nit^o £©^#k 1/>X6 2©mrfez$fi£f£ 

$S»6 3a, 6 3 b, 6 4 tt. U>X6 2<D[5flte«f&l 

[0 0 5 8] ^IC, ±iBCD«k-5tC«^ESnfc«3tfiM3 
l ©Srf^tcoViTIKWrs. 0*1 i lztt£o\z, 

«3 2^f,l)BtEL«$n6 ( i:, d©It}B£E 

Lttfig^3t#^3 3*aa-r5is(c, iw^33i^ 
Ltt, ^^-rT-ru>x, 3>^>if— i^>x**^b 

[0 0 5 9] mz. m2jZ7fC?£.5lZ, ZLOU^ZfrR 
5:iIir;iMEL(l H»3fc^3 5KAt#£*1~ 
«1 U>X»4 4 a©^LT£¥«^ajabTCnffi«S 

4 3a(:^ c d^-e> aKt^EUi* ^© EMM 4 3 
a ©MAX 1 (CSbTA»*rRli:**S*:*|B](CJRt#$ 
*U ii U>Xi4 4a0^miitX^lWt 
4 3b CI^) 0 

[0 0 6 0]*t> ^.<D«3«tELtt, ^lWt4 3 
bTSIt^nT. *2U>X»4 4b©3t«lAX2(c5p 
ff3tt*lR»C|pl^T*|6l*lfe$n, «2 1/>X#4 4 b© 
±<!:lX±milLX^2Wi4 3 c T 
:(5raELIl ^2?®M4 3cX^n 
T. ^3 I/>X§4 4 c ©MAX 3 

[0 0 6 1] ^IX, ^0fMELtl I3 1/>X^ 

4 4c©^tbT&¥BB^aiau 9^ 2 mom s 5 ^-ft 

LX, IIXr^3 6-±-©oxy\w(cMs. c©-cfc^ 
^3 l/>XP4 4 a-4 4 c ^Ilt^)^: 

[0 0 6 2] d©^©E^(Cti, U^^^R&HtSXJ* 



(8) 



«fBH¥ 11-231192 



£n£ 0 ZO&oteTk&mytte. MXr-y3 6 0X 
X-r— v 4 6 WYXf-v4 7 <D&W)lZ£ 0 > 

wsng^x-ry^BiU^efTtons. fir, 

[0 0 6 3] J£U:©<fc ? lzmrfLZtlfz^(D J m 1 

K) Cl©*a£g#l/>X3£$^@6 mifB3>r 
pT»3t»W6 3 a, 3g2pJMi3a*B&6 3tK © 

fLT» ^©pfpJIJdd$3&6 3 a, 63btc4o^TU> 
X6 2©SS#*±l»)€ric3a#£*u -?-<o@^»»6 4 
(C45t^TU>X6 2^pI1&^^6 3 a, 6 3b^i 

3fc#«6 3a. 6 3 b, 6 4 ©ta^tCi 0 , I/>X6 2 

£9, l/>X6 2ll 3^rW©^»»0*T?a*{C:«J* 
$ntUS e Z<DfzSb. $&mtiL<D£5tZ. U>X6 2 

[oo6 4] ^<Dfz&. u>X6 2 e#;&tea#s»<D 

Xl^fc^^S¥M^taO^©lDX^IS^ U>X6 2 

MTt^. toT, l/>X6 2 {C^gg^tgfcJtfc^fg 
^■TSi3^n*ifllMT^5t*K:, U>X6 2 0!)ffi»K 
^WCilWSIt^Ti, W>X6 2<D3£^l£i£CD 

[0 0 6 5] (D) C©SEftl/>X^i6 1iC 
£>l*Tte* 1/>X6 2^T^CD2 0(D^ril^i#^6 3 
a, 6 3bic£irvr-e©Ma**»;£*u _b*flDlr3© 
S^^6 4tC^l>T j ecr ) ^Stpe>^^l$nTV^o d 
©S§^> T*©MRlifrja*«6 3 a, 6 3 bCDia^tC^ 
1>T, U>X6 2®e«fcS^<±T*|fiJlC#«IS!3a:fc 

[0 0 6 6] L^L&j&S'b, i9»©«fc5&KitJBSr£!© 
«#3fc^3 5-m, iItTO^§I2 1/>Xf4 
4 b (Ci5l^T. »£3feE L ^mmmm^^ 6 3a. 

6 3 b<Dj&m^tsT&m&mj&rzzi:te<* mx\z 

>X6 2<DT^ftlz±CXtt<OBWt*>i^K 3£o 
T> i:olHtl/>xa*Sfl6lll JKI*JB*r^<oa 

[0 0 6 7] (A) d ©I8«# U >X3£#SB 6 1 (C 
*3^TH, 1/>X6 2©fiS*3a*T*OT»r»3E»»6 
3 a, 6 3b^ I/>X6 2 ©>?>£> L P&SOS^IbJ 

^©]3pJI«fc#8&6 3 a, 6 3 b^m^S P 

%>o t^t, u>X6 2<oafidvi7>^«fc<x»$n 



T, U>X6 2<0*¥*|BltC#»*^fcto^©^S ; & 

[0 0 6 8] (-) ;r©«»#u>X£»S«6 IT? 
tt, # 63a, 6 3b K 2 r>©X«MS S P 

M^6 3a, 6 3brtK43Vvr&2^©X»j& 
SPCM^ntl^o toT, ftpJIfcfe#«6 3a, 
6 3bftlc43(^T, U>X6 2©ffiMj&*— £tcSW>"f5 

^t«j$n, #m^sp©ifi§t:mi/>X6 
2 ©fcto*g£ffi*r£ - 

[0 0 6 9] <*) £©fgB£U>X3a$Se6 1© 
#pJItefc#B&6 3 a. 6 3btc(i. MSMii CfcSffifll 
Tte, — #©PMM*IHI«7 3, 7 4«-Jl/7 5tJ:0 
;WrtESnTt^£. ZL<DTz#>. ;i/7 5©*ifr 

b p *»«F**6«t l&**«»6 7 ©aiw^sn 

£o U>X6 2®K3SttSgt^^T* U>X6 

2 ts^»6 8 t©raicffi^SE@©eft«^i;T^s 

^i:(C^:^o CintCJ:0, S^«tf6 7tl/>X6 2t 
©«2*6MMj&** 1/>X6 2©otffli6 2 aCDniliilC 
?B3J:^(ceaWtC^P^^n^ 0 t^T, £©«S«SIE 
(CcfcO, U>X6 2&&RXmtm3ffi«G3aL* 6 3 

[0 0 7 0] Sfc, 1/>X6 2&#Rr»3t»B56 3 a. 
6 3bCgfUcfc 1/>X6 2&&miZ&*)1tt>Aj 
X\ -5-©oWai56 2 a©*J3®J&*fcT;WcayBL£«fcb 
T%k -^©^lO&CT, HWEStt»»6 7*tg|»dn 

tot, I/>X6 2f;iH&12^a*£U;fc£CT i fe. 
l/>X6 2©*WSM«fc3tt«*r6 7©3a*j£SP£©ffc 

[00 7 1] (-\) £CD8M#U>X3a*SB6 1 
vrtt, 6 4 a*K4fc5Ptt# 8 4^1X1/ 

>XiH5it:^i^$nti^ e ^zx\ fottwtii 

^84«l/>X6 2©^iAX2©^ (IP^, S^j* 

H£fc«>* BaieMSI»X»«6 3 a, 6 3b4«i$^ 
<hT£ l/>X6 2 ©^£W*fc«K»r* ^ tztfivz 

[0 0 7 2] l/>X6 2 0iI^©T^t: 

^tr^3priK#«6 3 a. 6 3 b«C<fc<33£»$nT^ 
^; I/>X6 2£ttDa&-£T5#«#©a2jKIB5 

^ic^tt^Jnx^n^u>X6 2<o±*«ic*+*rs 
^ttt^ £ ^ftni^Mcolii^ KgC^T, U>X6 
2 t@*3£»«6 4 h<omztmtt&±cz>ziii>*& 

[0 0 7 3] CuT, H9f2tRtt»tt#8 4tt, fi^fS] 
T * * -LT^ft t tt#tt«^ Biffin feO^oT^Sfc 
i/>X6 2©*S*|6ltw*3^5, t9i2^Bm€:« 



(9) 
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aic»JRT*e:<i:#T€?a. lot, l/>X6 2©I* 

[0 0 7 4] (h) i!©U>X««5 ld&^Tte, 
U>X6 2d*H9SB»^(OKS#U>XXSfft»6 1 ^ 

Lxumznx^z* m^x, u>X6 2\z&iiz>tzt} 

&) ^©1^13 1 fcUstvr, ^coff|2 U>Xm 

4 4b *«^3rrsa»© u >x 6 2 a, wmm^mm 
% u >x3cmmm 6i^tti/ >xmm 5 1 co^fr® 

5 1 c ftlztiffiZtiXi***. Z.(Ofztb. &U>X6 2\Z 
[0 0 7 53 (^2||ffi^ai) 21flD^©SB2* 

tc, 7 — r^i 1 0 izm-J^Twmr&o ^<Dm2mmm 

9 2a, 92 b3fclX»23a*a9 3 (om^mmm i ^ 

go o 7 6] m?^ mi o iz^^oiz, ^ 2 mm 
&m<t>&i*jm&8m9 2 &Rim2imf3&m9 2 b 

#PS^nTt^o fLT, U>X6 2CD^fcf££6 2 aCD 
*W5®±fctt. 9 2<OS^»6 8CDR§ft#c 

M7 4 i^ftrr^cfc^tC. R^EIB&9 4^w^$n 
TV>S. ^n^(DPlil^Gfl^7 4, 9 4®raJc:ttaK— ;p 
7 5a*M£$n, ^^-^7 5(3^0^-011(1^^9 

©«EM#U>X3«««9 1 fck «-^I»S»^9 2«c 

1 -3<D$:gf& S P £^LT^-5.» 

[0 0 7 7] @5£30WR9 3©f^«8(m* igr 

®L^K©«JK#tt#9 5^frLT, U>X6 2(Oym 

AX2izYa^TMtfz><i:oizu>xmm5 i<D^mms 
5izm&~£tifzmim9 6<D^mm\zmm^nx^ a 

9 5©»f 0ftt^»©t»*t^4, X'Jyh 
9 7 «$tlTt^. ZL<DX 'J 7 h 9 7 O^ICi 

ft) sr^i/>X6 2<DymAX2£&m:~Tz>7k¥mzm 

9 8©+*(C^3liT#^h8 6fc«fcOHffSE«^«8 0 tC 
S^@£$nTV>*. «tWP«i#9 5W:. StM 

389 9<!0**{C*3^T#^hl 0 0K«fcDHaraW4i»9 

6<Dfommizj&&2ntz3&&mi o i ics^aesn 

Tl^o r©XJ*S5«l 0 l<D[WPJ*i> Stt»tt«e9 5 
©MIBX«l*^<D#tt«^*llF*-rsai^b«l 0 2 

[0 0 7 8] ^±©«fc^(C«^$nfc^<0*2*li£^ffi 



(-0 ts«isi«©amtcftiAT. i£%\z£xr<nfcmm 

[0 0 7 9] CJ) r©KSfrU>X3£«p8S9 IT 
tt, H9IBHpr»3t«fBB9 2 a, 9 3bfc*3ivr, 
7 5*«8I/>X6 2©^M±^^SnfcP3«ltt[!n 
^9 4t:^LT^ 0 Z\(Dtz$>. 

[0 0 8 0] OO d©*«#lx>XX»Sa9 1CD 
9 3 tc^n 2 9 5 «u mrlB z 

C(Dfz#>* 1/>X6 2<0*g*|pl<0^e>f, u 
>X6 2<DX*to£i»ii;:*3tt£. P>X6 2ii^M 
9 3t©&arn*SS(3»JR-rSCli:**7?#'&. ££o 
X. U>X6 2<Ofcto*©*^»*SiEitcffiM-r5Clt 

[0081] (msmmmm) £<Dfg9j©si3* 
\z m ii-ii5 izm-j^xmmt*. ^<Dmsmmm 

»«1 0 7 a, 10 7 b<D«j£a*H&SESIl^^»<fc& 

[0082] iai i Btz mi 2\z^^oiz, z.com3 
$zmmm<om i tm-s&m i o 7 a ro^s 2 pj^^^ 
io7bn *<ou>X6 2<Dftmmz%&-rz>&w» 

»1 0 8^l/>X6 2©RS*|6Kcfa-=>TMg$nfcfe 
co^ott^ — pT»3»WB1 0 7a 

©S^6 8©I/>X6 2fi9©»iRlffiJctt, IWB*l|g 
ffi«Sl©R*tttHra 7 4 KffctT U >X 6 2 CDRj^ft 

izfe-Dxmzs&vmi o 9^snx^5. ^lt> 

1 ~SJI!f3m£B 10 7a (CiSViTtt, ^tt^ 1 0 8 CO 
1tM±c7)Ril4*[HlSB 7 3 <hS^ 6 8 ±(D VM 109i 
<Dmiztf—)\,7 5^SSnt^5. CICDV^I 0 9(3 
<fct)> mi Plift3t»»l 0 7 a^l/>X6 2<DF$mJj&\ 

^<K>&fm«i>**it&iite o , c <d vm i o 9 ttttstttt 

[0 0 8 3] mffSr^pJid^^l 0 7 a, 10 7 

a. SPbli 1/>X6 2C0^fMtC^-T-S J E-c0l/>X6 
2©**6LP*|Sl^©S*©f^ffl^^:LTlfiS. 

X6 2©*ij>LPt^ffi|3&^S*3&«; U>X6 2^i:T(C 
2»-r57k 5 Fffi±TttOT&D, ^^SP^T^tC^ 
»-rS(Cfi£oT*^tCi9bTVi#, U>X6 2CD^T^ 

6 2©3tttAX2tfiSt5*Wl. O^OXlftt, U> 
X6 2©4 J '^LP^MSPa, SPbt^§ 

»^CS Ptc*3^SHffSJR*a>Jt*<s i n 6 a, s i n <9 
b£frt\fc5(C, #JMSPa, SPb*«SSnt 



(10) 
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a, 107b ic£>vr, SSpj^S P at£Ztt«©jS#j& 
[0 0 8 4] &j&$,£S Pa, S Pb^M 

(0 s) pjm-i 5 ^ ceo j: 5 tzmwznfzm&iz&^ 

T, §JMSPa, SPbfc:^tS3fe*#«ra<0»*JC 
[0 0 8 5] Mme aRZfeblt, 6 stCiO-^tl-^n 
[0 0 8 6] 



[0 0 8 9] ^(C, ^pJiti^^l 0 7 a, 10 7b(D 
U>XtM5 5 1 3gl^&6 %<D&^&^\Z-DUX 

Pa, SPbtf« Outfit, oSO^- ;l^7 5<Z)4><bB 

P i: 1/>X6 2 ©*4>L P ££^;&gg#£, 

SPa f SPbtl/>X62 ©^6L P t^Uci^ 



[0 0 9 1] U>X6 2^©11M^ -tn-? 

n 2 >r ffi-3-D<D3m* S P a ft tf3£8fj& SPb 



0a - 9 0- 

[0 0 8 7] 
M2] 

0b = 9 0- 



6 s 



e s 



(1) 



(2) 



CdT, ^MSPa, SPbK*3tt5#JR;*jFa, 
Fb©Jt**s i n©£&T«fc5lC&^T^££«>* 

[0 0 8 8] 

»3] 



«-W»3a*Wl 0 7 a, 10 7 brtlCi3^#3t» 
SSPa, SPblZ^T&ISMca&Fa, FbCDit 

[0 0 9 0] 
«4] 



[0 0 9 2] 
»5] 



«fcoT> * (3) 2ttX3C (5) 2^<b, F afttfFbtCO 



M - s i n 0 a 
2 (sin'0a+sin*0b) 



[0 0 9 3] 
[*6] 

... (6) 



[0 0 9 4] 



[«7] 



M - s i n 6 b 
2 (sin*0a + sin a 0b) 



(7) 



[0 0 9 5] 1H 1 3 \ZteU>X<DmtsJ}ft<Dtzt>&m 

mmiz&^x±m<DMs z n , mi 4 iz\zu>x<o 
yttfcftft<ojtt>&m mmiz$>^T±m<D&s y n a* 

te, ^<OS*#l^<0fcfc*SKJfc^Tt5& l/20g 

CO 0 9 6] Z.^X\ W^0s^5° fc:St&&ir>l6B 
Tte, MiWbXHrWl 0 7 a, 10 7 b^«Ci5«b 
fct>©<tJttr3T, MpJKi^^I 0 7 a, 107bcO^t 

mzm-3< u >x<omti jjfatzm? znmo<Dm&v>m 

OT»SJ*«1 0 7 a, 10 7 bWLT, 0r®0+ 
-6ft 0 s £W#T€f&<fcS*3-?-ft i &&ofc. 



[0 0 9 7] — 8ME+ifrft0 s**6 0° £@7L£3S 
STIi> fti»JI!i3a$6B 1 0 7 a, 10 7 b©2o<03t» 
j^tSPa, S P b^X#^Ti^r§Cil;^5 e 
ZCDtzdb, — *©X»jfiiSPblc«fc5U>X©*m©^: 

[0 0 9 8] ^nt:MtT, ii^TW^es^S 0 
-6 0° <3D«fflTftt, f©t5l^(:bitoT, U>X 

fH4M>ft<9 s**l 5° —3 5° ©gBKTtt* U>X©fc 

ifcftfl s^2 0 9 -3 0° ©USHtftt, Hi S Rtfmi 
4jfr £ m £ cfc "5 (c , U >X© ifc;b-&*©*f bfi& <t 

[0 0 9 9] £<Z>*g»c&^T\ C<Z)ia!S€ru>X3E 
»SB1 0 6K43tt*££f9jftSPa, SPb©«]fflE 

aic-ws^tttnn ill 5 <Pcfc-jt^ #3t»,£s 
pa, spb *«+i6ft 0s = 25° mm.xmmm\zwm 



(ID 



11-231192 



tsnfzib<D£tez> 0 ^<om&. &m&¥mi 0 7 a, 

1 0 7 b \Z$>\ 1Z> «rl3**»4 SPa, SPb©i05) 

m*+ tMHst (i) - (7) #-;P7 5i:»b 

TX«MW©S»*'SS Pb^L^t 13. 8 0 (D&m. 
Z ttffi©3a&6 SPa jWifrft"? 1 1 - 2 ° ©{fciSt* 

OW ZOffiWZ U >X3c&m& 1 0 6 SI 1 Rl 
»3»MB1 0 7 a^>X6 2 tDR^ftt^oT^Ifr 

107a, 10 7b <t<OSe"rtlA^UTt>> % 1 nli& 

|6l<0»ffiiT»iR$tl, U>X6 2 ©3Mto6r|fiKOlKS^ 

lc^< fcfe*<0^£±*<«lW$nT> U>X6 2 

CO 10 1] Lj&>*>> ^©^1 pTlfr^atai 0 7 a(DU 
>X6 2 ©Hffi*lFl^OPa^e«. ;i/7 5 tVM 
10 9t.^W5. d U>X6 2lZ^r<DFl 

9«C^oTfe©J$n^o tt-^T. aillOIKfiWl 0 7 
aCQU>X6 2©R^|^itc^W'5»iliiWBSr«S3&^ 

[0 10 2] (50 ^©«IB#U>X^«fSei 0 6 

t«u m^m^m 1 0 7 a , io?b ©«a#jS s p 

a, SPb(c^t-5U>X6 2©«rmic***grr5R*F 
a, Fb<Z)Jt**s i n©t^cfc5C> ^MSP 
a, SPba*Eg$*XTH5. &3£#.&SP 
a , S P b tw*ttS^J#Wmo^**e«aiB35:*Mg t 
T^^t^T^^o S£oT, U>X6 2*$e»lcS^b 

[0103] (mimmmw) mz. c©«w©*4* 
mammal/ >xs&mwi 1 uc^utbu ^3 

*Jfi^Sitr*3^T, IMMttx, fflra9JE30#« 

l*3l^**ai 1 2 aR^«4 3t»«tLTO«2*5l 
Xftffil 1 2 b£i9tf*;fcfc©£fcoTV>*. 
[0 1 0 43 Hi e> 1 8 t^Tcfc-9tc, cofgi^ 
1 2 aRZ«S2*3BaS8Bl 1 2bH U> 
X6 2«rfi**|pKO±T(C2»"r«*¥®«fcO±3&(C*3 



cH5 1 1 2.aatf*2*5K»»ia2b«v.,B&iH.Ztt(c,.. 

«»tX*23fe»ffl* i b«^LT^-5. £fc> 
S8fll2alJSlpJii»asi0 7a^ *2«K 

#«i i 2btt*2pj»5t»«i 07b^ ^nfni/ 

>X6 2co^LPt^bT^<h7^^ c fc'9^gBfi$n 

[0 10 5] 12 a, 112 b(2, l/> 

X6 2©^ffi(cB»ei 1 3^LT«^1--5»^a 

ii4t, u>xmm s i Kjgjfcsn&BtftTL nss 

£&^BBI 1 4<h*3l/\**l 1 6<h£»4@T£*e8B«' 

1 1 7 tJ:D#lJ«StlTlri5. 

[0106] mmm&ui i 4«, ^o^^^u> 

X6 2©im£ftfcJ&oT®tfT*39, *-©^#IrJ<Z> 
U >X 6 2 {$J(D#MtC te— <D3fc#/& SPa, S P b £ 
&T^112 0^M$ntt^, ^O»*/Ill2 0 
fC*3^T, 14chl/>X6 2t«fil 1 3 

£*LTS^HJ£$*IT^S. 8W2*3IA*1 1 6te, 
*&*MS21lffiFL 1 l 5^1 15al:mt 

[0 10 7] 1 7te, WMtcO^KCD* 

^12 1 t^C^Ml 2 1 aj&>5SitttCir»*nfc 

»»a^ hi 2 2^6^oTt^, m&mto&n 2 l 

tt, -e©®rgn 2 i b#H&sa&&SBi i 4©aj_6t'i5 
i*T±W&m<&olzmW2ti. t<DB^l 2 l bic^s 

ivrt°>i 2 3tc«kDHae8^«i i4(c©^$nrti 

■S. fl5rffi*l£n 7 H 1 2 2 ti, «ffi*3l/t* 1 l 6 ©ft 
&rX, HWBltfRLl 1 5 1 5 atc^K^n 

fc*ffiFLl 1 5 bJC#®snT^S. -£-<Z>»teci3/ K 1 

2 2<Z>5fc»Ctt'\:y FBBl 2 2 a^ltSn-OfcO* - 
09^^ K812 2 a^3£©f*»^$J#t>«fc'5fc»Utt 

122. mm* 121, tr> i 2 3 , 1 1 ^ms 
&mmi 1 3^tri/>X6 2 ^tt, 

I/>X6 2A«±*lC*3ISnfc«»t)5:r3T» 
Mll2a, 1 1 2btCJ:0U>X6 2com»C0—^ 

S»W 1 12a, 1 : 1* 2 b t>^fa*»^a^«|jBKbTtv 

[0 10 8] ^tc, c©*4|6jKS^!B©lK«€ru>X^ 
Mil 1 itci5^T, WBa*3l61lfiJgfi8o«IES#U> 

[0 10 9] lll_3t-*i^>XcDS^rp]CD^:^ffi 
(K^TT»iSz2) , iai 4 lZteU>X<D 



(12) 



nffl¥> 11-231192 



mi i i-m, mmmsmmmm<Dmmmi 0 6tit-< 
fct>*s^a**i«n? i / 3 , 3W**isiT 1/28 

©fcte^fc^TftB-TSt. SWB4»'6ft0 sAM 0° 

— 4 0° ©flSHT^©fcfo*&©&fcaVh$ If **>©"?& 
ifzo sj&U 5° —2 5° 

[0 111] £©«jHfc:£^HT. d©*@#U>X3t 
1 1 1 lc*5ttS#3a#j& SPa, S P b 

■©-w^-rt-rn^ mi 6 ©<fc3fc» &38^ss 

Pa, S P b 6> s = 2 5 ° SftT« raWdES 

2n/tt>©£&£ 0 d©«^, #PllK»«10 7a. 
1 0 7 b2&£«5Ba#S&l 12 a, 11 2 blc*3tt*B& 
SPa, S P b ©ig95Wte, SWBst ( 1 ) 

— (7) t'cfcO, #-jl/7 5®*i>BP*5^iateP 

K#LTX»Wffl©3a9,&S P a 1 
3. 8° zmM(O^W*SPb&^&M~?l 
1.2° fiOttfit*S$ B 
tO 1 1 2] £A±cd J; o izffirfLZnfz. d com 4 

[0 113] (»7) £©IM^U>X3a$«Sl 1 1 
KiStrvrHU P»5I^I*»l 12a, 11 2bCU>X 
6 2©M©-£B£«Ga*T-5ag3IA*I 1 Gtmtf 

i&Sfir» 107a, 107b TSft^nsfeW < > 
_L;£©M*5K»«1 12a, 11 2 blcfc^Tfc^SI 
^tXl.. £©fcJ6, ^m^SPa, SPbtC&tt 

[0114] (*) £©fM€ru>xx#«ei 1 1 

fc^ivrte, U>X6 2©m»©-«^»fiX8"rsfi' 
*!l3a*BS112a, 112b^ K<U>X6 20 

aa©-«*»fi^»'r5^Bji&^»« i 0 7 a. i o 

7b£, 1/>X6 2®WLPt:^LT^^J:^ 

[0 115] &*5* *^^tc«SMSBS*JS^a8«, u 

• MfB^SS^MI^UT, pWr^8gB6 3, 9 2, 
1 0 7£3:3£U«ttTfc«fcV>. lfiam4^JS^ 
tetdSS^T* *3G»WBl 1 2*3^±»tTt><fc 

^M6 3, 9 2, 1 0 7, 1 1 2JC:fcHT2Sfc# 
*$nt, ^a56 3, 9 2, 1 0 7, 1 1 2tC^Ct 
5»ffi«m**3etffi«$ns. -^UT, U>X6 2© 



[0 116] - 8trffi&*JISJgai©S^«#6 7,10 
8tC, 3oJ!^±©.P35IIl^aR.7 l^rlStfT, V>X6 2 
©*ra«£«£Sirr*>J:t>. ttTCEai4^J&E$ffi 
t'iS^T, 112a, 112b ©»&« 1 

1 4<D«6/R1 2 0<Dft$3^±tLTfeJ;K C*l 
bCD^iC^L/Ht§i^ U>X 6 2 

#6 7, 1 0 8©R3tt«38«7 1 4 

co^m i 2 o tc£ e»jc»asn/s:tt8iTfpffl-rs3t 

5. ^IT, &X#j£©ifi«(c;m**U>X6 2©fc;fo 

[0 117] • HfrfBm4^Jfe^t^^T, #*5l3£ 
S«112a, 112b©ft^Sll4fiD»&jni2 0 
©Stel^tbTfcJ:^. £©«fc5lc«/«bfc«^ & 
1 12 a, 11 2b©«Sj£©«3Mfc£EI*;i 

[0118] - mmmimmmmjz^x, 

W6 3a, 6 3 b©3**BB»6 7*, tf— ;i/7 5^4> 
6tLTl/>X6 2 0PmiRll^oTll!IlC3iSLT 

[0 119] - 8W2»l*K^»K*st4T, pRBi^J* 
S&6 3^1/>X6 2 ©«T&lc^*£rr5«»JC 1 ^flfr© 
*lc»**£#sfci, l/>X6 2©x*te#j£rrs{M3; 

[0120] • mmm4mtmnnz^x. u>X6 

2 ©T;&KffcBT*#prib3a#« I 0 7 a , 1 0 7 b ^ 
#P6bTi3«3ljfc#BBl 1 2 a, 1 1 2b©*i:«fcOU 
>X6 2©aSSr*8TS<fc*lC* WAfc*@J©t»B&6 
4^1/>X6 2COT^tC^tTU>X6 2 OfSifrSrSW 
U £n&H5££8r«6 4£pg*5R#BBl 12 a, 1 
1 2bt0ttftlcJ:DI/>X6 2 ©ZttHIOflQlHBESrS 

[0 12 1] - f&iB«Hfira»©S5£3fc#«6 4, 9 
3iC*5tAT, M#t^8 4, 9 5^^^^<i 
^8 0$U>XII1BS5 l©3«*ffi8 5JCi£S@5£bT 

8 0jEl*£fc*©"T?. Ifid«|S6 4, 9 3 ©**£©«! 

[0 12 2] - ■ffiT3B*4|afi^SI(C^iT; @>&3tJt 
«6 4£#I«U FPJ»£8»1 0 7 a, 10 7bW 
^KMH2a, 1 1 2b£, ^COU>X6 2 CD 

+*c?l p ttf-jv 1 5 cd^^b p t&mxmftRxmte 

P7F12 2<D$m (Mli^l/>X6 2©ffi6*iiS 

c^ct^cMLm, u>X6 2©afi{ca^<wf 

>X6 2©Xtti:Ztt4:{C«fcOKl®$tlS#fii«(C*t> 



(13) 
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[o 1 2 3] £czt\ zowffl-mz&^T* m^m^F- 

[0124] £Tz, zcnwmmiz&^T. mymmz* 
^m^m^mmm<Dmytmm\zm^n^^(Dx^^ 

W*-tf«7*MS* X»fc KrFX+y-7l/-ifm 
[0 12 6] **fi^ffi©3t^*?3t»Sett> iifi&L 

[0127] wm&m&Mm^te. wrizmm 

< i ) i s ° - 3 s w <oimprc&2>m 

jm e izmm<DX¥m?3mmw. 

[0128] z<D£o\zmrfL~rti& ^mT<Dmti^ 
fa<Dtzfi^m<Dmt&umR\z&\,*xwmzn^ < ts 

( 2 ) ««a+i£tfm 2 0° -30° <Dmmft-c&z>wi 
is (i) iz&k&yt&mrsamw. 

[0 12 9] Z<D£o\Zffi&L?ft& Wl&WlZ£>lfZ>yt 

( 3 ) HWEttS»jitt; m>tc*ftfiiT*<fc d testae 
nfc-^foDRit^coBBi:. ^nzcDwmvtwu&mizfr 

ib (i) stf (2) ©vi"rn*Mcffi«©3^*^s»* 

Mo 

[0 13 0] ^<OJ:-5lc«lflmitf> Sfc**^****© 
[0131] (4) «rf3Bl«f®fcL MIB«S«ifi«) 



KISS t V flt <h ©fig (c3»«<0«gfiBJ Sr^SE $ 

8£fcteiiLrfB (3) tciBito^ai^itss. 
[0 13 2] CO.t^JCtt^mtf, SM*©«a»«a* 

(5) itWBMSfllifitt* 3t^*^O^WJ:(C^fiJcS 

^(omz^^nrzm^m^t^^m^nfzm^m i 

[0 13 3] JKO«t-5(c#l^rnti. «6iB.£R<0HiJ«£ 
[0 134] 

[0 13 5] i*«2®56Wl:J;ntf> 

mh^*£vrzmh&mmzfflM-?z>z£&xzz> 0 s 

So 

[0 13 6] ^f*^3 0»W(Cctn^ at*^2©fS9! 
[0 1 3 7] Sl*«4©^(c<tn^ fflf*Jg2^fctt 

j»snt> yt&m¥iz&i&$mfot£fzt>fr<D&?k*: 

[0 13 8] §g*«5©fEWIC<fcnfc£ W*3B3*fcfi 

4<D%mmm\znxrc, ^^mz^^^&<D 
mm&mzmmutmt-r&ztfrxz, yt^m^cofz 

[0 13 9] »#«6©»WC«fcftfc£ §g*fi5£fcW: 
[0 14 0] it*B7©SWlt;:«fcftfc& »3»S3~*6© 

^?nfr<D¥£m(om%:izmx-T, yt^m^t&^m^t 
<Dmtzmmw<D&mm&&i2in* %&m=?&$tmf3L 

[0 1 4 1] Pf*«8©«^(CJ:tia s^^3-7 CO 
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[oi 4 2] m^m9RzM Q<Dmwiz±n& m^m 

[0 14 4] »J$Hl 2©%wc^n»> t**Bl 1© 

[0145] migmi 4<Df£wiz£.n&. xmm^oyt 
sua 

im4j M%v> 4-4 mrnmm* 

[ ins ] (a> «M4©@)eaf«^^-r«»ffi*wf 

®a (b) ttHJL®5b-5b«IT©a5»tt*»fffi 

a (c) im 4 cd pnaFjawg^^-rg^a^grffiH, 

( d ) ttH3<p 5 d - 5 d HT©«»i6*Wf®a 

[ me ] mA^w^^^^rm^mj<jmmm 0 

[ fas ] i708-8Hgrra 0 

mjt} ms(D, (a) tt@sa$»*» (b) ixm 
[ Hi i i ] m 3 ^^ffioisa^ v yx^mmmtt^ 

[ Ml 2 ] |% i i <P. (b) WJI 1 pr»dfc»»£. 



[113 ] W?I U >XtC*5ttSM^*[BlOfct3* 

[jul5 ] ^ 1 1 <oi«a# u >x3a*sa<o«ittji 
[ eii i 6 ] * 4 %K^fficD»a€r >x^*a&^ 

[Ml 7 ] HI© 17-17 H^Md 0 

i mi s i ajJL«*5K»05^^*r«»lfi;^:»f® 

[[gj l 9 ] ^©Ifm^ U >X3£it§£@£:^TiEM 

M2 0 1 Mi 9 <o 2 0-2 0 igBrMa 

3 1 -j£3lESW*SB, 5 l-«ffi«!:bTOl/>X* 
ft, 6 1, 9 1, 10 6. lll-«**fa$SSt 
LT©«B£U>XX#S8* 6 2-3t^« : ftLT© 
U>X, 6 2 a»^JMB£LT©t3tdSk 6 3 a, 9 2 
a. 1 0 7 a»-TM8» Sll5J«|SRtfflfl3®f ■ 

6 3b, 9 2b, 10 7b-T^m f 2^ 

pj»5a#«. 6 4, 9 3~±-%3ffimRzm& 

«M^S©^Sr«ritrS@3Sa*0> 7 3, 7 4-IH 
ritrsm 8 4, 9 5-«ifi^O-»$M 

sflijgco-w&rjwiss^&sw^r^vjsi, 112 a- 
£«ffcu mmwam&i?rz>mim3\±ft^ 1 1 
(&-««:«jifcu nrtga«i«iB**rr5^2^3KKF 

BR, 1 1 6»*5l#e«hbT©*§l/^ AX2-3t# 
*^<03t«ltbT(D*2lx>X»<0*itt, Fa, Fb — 

+'&£&£#«££te5»#> SPa, SPb-f^M 

**firrss»js; 'x^wm^iz^-cymtmiser 
%$m. z-ym^m^T^Lt^zmtj^^z^x 
mzfz>$m. e , e s 
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$#PJ¥ 11-231192 
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